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INDUSTRIAL  POWER  FROM  THE  STANDPOINT 

OF  THE  EXECUTIVE* 


By  J.  C.  HoBBst 

This  paper  will  deal,  first  with  the  general  relationship  of  indus¬ 
trial  power  to  modern  civilization ;  second,  and  more  specifically,  with 
some  of  the  underlying  principles  of  industrial  power;  and  third,  with 
a  few  practical  suggestions  of  an  executive  nature. 

American  success  is  due  to  the  adoption  of  the  Grecian  slave 
policy.  Long  ago,  the  Greeks  and  others  believed  that  slaves  were 
necessary  to  the  progress  of  civilization.  They  realized  that  the  energy 
exerted  by  one  man  was  not  sufficient  to  provide  all  the  food,  raiment, 
shelter  and  other  bare  necessities  of  life,  and  at  the  same  time  provide 
for  luxuries  and  the  creation  of  public  improvements,  so  with  mathe¬ 
matical  precision  they  determined  the  sum  total  of  all  the  energy 
existing,  and  proceeded  so  to  direct  and  control  the  activities  of  cer¬ 
tain  classes  that  their  requirements  were  reduced  so  that  a  few  could 
enjoy  the  benefits  due  to  the  appropriation  of  the  excess  energies  of 
their  slaves. 

America  is  doing  the  same  thing  to-day.  Every  man,  woman  and 
child  in  the  Lnited  States  has  on  the  average  about  fifty  faithful 
slaves  working  steadily  eight  hours  a  day,  365  days  a  year,  besides  the 
300  slaves  required  to  pull  the  family  chariot;  and,  furthermore,  these 
slaves  can  be  bought  and  maintained  more  cheaply  than  the  Greek 
slaves,  the  average  being  less  than  two  cents  a  day.  America,  more 
than  any  other  great  country  of  the  world,  realizes  that  the  more 
slaves  she  uses,  the  greater  will  be  her  production,  her  progress,  and 
her  prosperity. 

During  the  past  twenty  years,  the  number  of  slaves  has  more  than 
doubled  every  five  years.  It  is  needless  to  explain  to  you,  who  are 
interested  in  power,  that  the  electrical  and  mechanical  robots  now 
employed  in  America  are  more  satisfactory  in  every  respect  than  the 
ancient  type. 

The  history  of  power  as  an  important  factor  is  not  old.  A  good 
bird’s-eye  view  is  obtained  by  merely  counting  the  pages  required  to 
record  the  major  discoveries  and  inventions. $  Ludwig  Darmstaedter’s 
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“Handbuch  zur  Geschichte  der  Naturwissenschaften  und  der  Tech- 
nik”*'  uses  only  two  pages  each  for  the  eleventh  and  twelfth  cen¬ 
turies;  five  for  the  thirteenth,  four  for  the  fourteenth,  10  for  the 
fifteenth,  33  for  the  sixteenth,  55  for  the  seventeenth,  117  for  the 
eighteenth,  and  717  for  the  nineteenth.  Libraries  will  be  required 
for  the  twentieth. 

The  rapid  increase  reminds  one  of  the  history  of  electrical  power, 
all  of  which  is  within  the  memory  of  this  audience.  In  a  magic  man¬ 
ner,  the  growth  has  practically  doubled  every  five  years  during  the 
last  four  decades.  Of  course,  this  law  can  not  be  followed  much 
longer,  but  the  enormous  size  of  even  the  utility  division  to-day  would 
not  have  been  predicted  20  years  ago. 

So  much  for  past  generalities.  To-day  industrial  executives  are 
confronted  with  many  problems  of  production,  all  of  which  are  linked 
with  the  use  and  application  of  power  no  longer  a  minor  factor. 

Power,  although  invisible  and  intangible,  is  one  of  the  major 
elements  in  the  manufacturing  and  marketing  of  most  industries;  and, 
as  such,  deserves  the  same  scrutiny  and  careful  analysis  as  any  other  of 
the  prime  elements  or  materials  used  in  the  processes.  Some  industries 
owe  their  very  existence  to  low-cost  power. 

The  phrase,  “cheap  power,”  is  not  used  here  because,  fortun¬ 
ately,  the  quality  of  power  is  always  close  to  perfection,  and  the  meas¬ 
ure  so  uniformly  correct  as  to  be  suggested  by  a  leading  industrialist 
as  a  better  standard  of  exchange  than  the  United  States  gold  dollar, 
so  why  use  a  term  with  a  double  meaning  which  might  cast  a  doubtful 
reflection  on  its  noble  character.  This  address  deals  not  with  the  old 
controversial  subject  of  central  station  versus  isolated  plant  because 
there  is  but  one  true  answer  to  each  case,  and  that  must  be  derived 
from  the  facts  in  each  case. 

It  is  unfortunate  if  there  are  still  those  who,  for  the  sake  of 
proving  or  supporting  some  previously  made  proclamation,  will  know- 
ingly  use  their  influence  to  prevent  the  adoption  of  the  proper  solution 
of  any  power  problem.  Certainly  they  do  not  recognize  the  funda¬ 
mental  law  that  any  contract  to  be  of  lasting  good  must  be  funda¬ 
mentally  sound,  and  that  foreign  competition  requires,  if  not  compels, 
the  adoption  of  the  most  economic  methods. 


*Julius  Springer,  Berlin,  1908. 
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Some  foreign  countries  have  already  removed  their  own  internal 
handicaps  of  competition  by  organizing  co-operative  agencies  through 
which  an  exchange  of  progressive  methods  is  made.  The  public  has 
never  realized  the  great  debt  it  owes  to  the  co-operative  committees  of 
the  National  Electric  Light  Association,  which  have  been  so  largely 
responsible  for  the  rapid  growth  of  the  electrical  industry,  yielding 
benefits  and  blessings  to  all  mankind.  Particular  credit  is  due  the 
technical  committees,  and  it  is  a  pleasure  to  call  attention  to  the  fact 
that  a  modest  Pittsburgher,  Mr.  E.  C.  Stone,  has  been  National 
Chairman  of  these  committees  during  the  past  year.  The  leading 
manufacturers  of  power  equipment  also  deserve  credit  for  their  re¬ 
search  work  and  their  co-operation  in  developing  improved  apparatus. 

Wrong  power  policies  are  indorsements  of  waste — the  greatest 
factor  in  every  industry  to-day.  Waste  is  occurring  in  so  many  forms 
that  it  is  always  a  fertile  field  in  which  to  find  fortunes,  so  why 
encourage  the  thing  which  is  the  very  enemy  of  prosperity. 

The  basis  of  attacking  the  problem  of  purchasing  or  making 
power  should  be  that  the  interests  of  industry  and  of  the  owner  of  the 
utility  are  one  and  the  same.  With  such  a  fundamentally  sound  basis, 
the  best  method  of  operation  should  first  be  determined,  after  which 
the  cost  analysis  should  be  made,  to  be  sure  that  both  parties  will 
benefit.  If  not,  then  the  problem  becomes  one  not  of  power  or  heat 
engineering,  but  of  commercial  and  financial  engineering,  which  is 
just  as  important  as  the  former.  Sometimes  the  rate  schedules  are 
such  that  a  profitable  relationship  is  absolutely  prevented  ;  then  again, 
certain  dyed-in-the-wool  prejudices  will  crop  out  on  one  side  or  the 
other  and  become  an  obstruction  to  prevent  early  realization  of  pos¬ 
sible  benefits. 

Broadly  speaking,  the  trend  appears  very  plainly  to  be  towards 
the  co-ordination  of  all  sources  of  power  generation  into  one  system. 
Most  of  the  power  will  be  generated  in  central  condensing  stations, 
but  an  increasing  amount  though  a  decreasing  percentage  of  the  total 
will  be  produced  as  a  product  of  certain  industries.  The  central- 
station  utility  is  the  logical  agency  to  distribute  all  power.  It  is 
realized  that  some  of  the  large  utilities  have  not  adopted  this  policy, 
but  the  success  obtained  by  other  progressive  utilities  and  the  growing 
number  of  such  interconnections,  together  with  the  soundness  of  the 
policy,  argue  well  for  its  future  adoption. 
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The  executive  is  continually  confronted  with  costs  in  his  en¬ 
deavor  to  produce  some  article  or  service  for  which  the  public  can 
pay,  but  in  some  cases  is  willing  to  pay  only  an  amount  slightly  in 
excess  of  the  cost. 

The  wise  manager  realizes  that  reducing  costs  will  reduce  the 
selling  price  and  broaden  the  market  so  he  can  make  more,  reduce  the 
cost  further,  and  sell  more,  and  so  on,  to  the  end  that  more  profit  will 
be  obtained. 

The  most  valuable  tool  the  manager  has  with  which  to  lower 
expenses  is  an  accurate  cost  record.  This  is,  however,  rarely  available, 
due  to  arbitrary  and  sometimes  biased  accounting.  Such  records  are 
needed  in  order  to  see  that  the  trend  is  in  the  right  direction  and  that 
progress  is  being  made.  Without  clear-cut  dependable  figures,  intelli¬ 
gent  decisions  can  not  be  made  in  connection  with  future  policies. 
This  point  is  well  illustrated  by  the  fact  that  no  single  figure  can  rep¬ 
resent  the  cost  of  industrial  power.  Perhaps  this  is  not  recognized,  so 
a  more  detailed  explanation  will  be  made,  using  an  independent  indus¬ 
trial  electric  station  as  an  example  in  which  there  may  be  as  many  as 
four  true  costs  for  electric  power. 

1.  The  total  cost  of  power,  including  fixed  charges  on  all  equip¬ 
ment  used  in  any  way  for  the  production  of  power  as  a  primarv  prod¬ 
uct  without  taking  any  credit  for  by-products. 

2.  The  book  charge  which  may  be  made  for  power  when  it  is 
generated  as  a  co-product,  and  the  value  of  the  advantages  obtained 
by  combining  power  and  process  operations  has  been  divided  equally 
or  in  some  fair  manner  by  the  co-operating  operations. 

3.  The  actual  net  cost  of  power  consisting  of  the  fixed  charges 
on  the  total  additional  investment  required  in  order  to  produce  power, 
together  with  the  total  additional  operating  costs  added  because  power 
production  has  been  added  to  the  manufacturing  operation. 

4.  The  price  which  can  be  paid  for  purchased  power  without 
reducing  the  net  profits  of  the  company. 

Of  the  four  costs  mentioned  above,  the  first  is  the  highest  and  is 
the  one  once  used  in  the  days  when  exhaust  steam  was  considered  to 
cost  nothing,  so  it  was  good  business  to  sell  it  for  little  or  nothing, 
leaving  the  electric  power  to  carry  the  whole  burden.  This  is  the  true 
cost  only  when,  for  certain  periods,  the  exhaust  steam  is  not  profit- 
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ably  utilized  as  is  the  case  with  non-condensing  operation  in  the 
summer  when  there  are  no  heating  or  process  requirements. 

The  second  cost,  defined  under  2,  is  an  arbitrary  figure  used 
whenever  a  good  heat  balance  is  maintained,  and  the  cost  burdens  and 
benefits  are  shared  by  the  heating  and  power  operations.  Attention 
may  here  be  called  to  the  less  usual  case  in  which  the  heating  is  done 
first,  and  the  power  production  performed  later  in  the  cycle.  The 
share-and-share-alike  method  of  distributing  the  benefits  of  co-ordi¬ 
nating  the  operations  has  much  to  recommend  it. 

The  third  cost  is  the  actual  net  cost  of  producing  power.  It  con¬ 
sists  of  the  sum  of  the  fixed  charges  on  all  investments  made  because 
of  power  production,  and  the  additional  operating  expense  required  to 
generate  the  power.  These  operating  expenses  should  not  include 
either  operating  expenses  or  fixed  charges  which  would  be  necessary  to 
distribute  purchased  power. 

The  total  cost  of  power  (referred  to  under  4,  above)  which 
should  be  used  to  compare  with  a  proposal  to  purchase  power  to 
replace  power  being  generated  is  only  that  amount  which  would  be 
saved  by  ceasing  to  generate,  no  allowance  being  made  for  fixed 
charges  on  equipment  which  must  be  disposed  of  or  discontinued.  The 
sum  total  of  all  actual  reductions  is  all  that  can  be  allowed. 

Unfortunately,  there  have  been  cases  in  which  a  very  large  invest¬ 
ment  has  been  made  in  isolated  plants  when  purchased  power  should 
have  been  used.  When  once  installed,  the  owners  are  condemned  to 
operate  these  plants  throughout  their  useful  life. 

If  power  in  addition  to  that  being  generated  is  being  considered, 
then  to  the  former  sum  must  be  added  an  amount  equal  to  the  addi¬ 
tional  operating  costs,  including  fixed  charges  on  additions  which 
must  be  made.  This  figure  is  lower  than  the  other  costs,  but  it  is  the 
figure  which  will  show  up  in  the  treasurer’s  bank  balance. 

In  connection  with  this  paper  your  committee  requested  a  dis¬ 
cussion  of  the  relative  value  of  high-grade  and  low-grade  operators. 

Poor  personnel  and  unsatisfactory  operating  methods  are  usually 
responsible  for  increasing  operating  costs  more  than  can  be  saved  by 
increasing  the  plant  investment  the  25  per  cent,  required  to  obtain  the 
last  10  per  cent,  in  efficiency.  This  is  certainly  a  bad  condition  and, 
strange  to  say,  it  is  seldom  recognized  because  of  the  old-time  impres¬ 
sion  that  a  power-plant  is  a  dirty  place  and  only  low-grade  men  can 
be  employed. 
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Forgetting  past  habits,  it  is  well  worth  while  to  analyze  all  the 
conditions,  and  determine  the  value  of  more  economical  and  reliable 
service,  just  as  investment  in  equipment  should  always  be  scrutinized 
to  make  sure  that  the  last  per  cent,  of  efficiency  or  reliability  is  justi¬ 
fied.  The  most  economical  type  of  labor  should  be  selected  by  the 
same  method.  The  increased  amount  paid  to  an  employee  can  never 
be  allowed  to  equal  the  savings  he  makes  in  the  other  operating  ex¬ 
penses,  without  increasing  the  total  costs.  On  some  standardized  oper¬ 
ations,  only  the  lowest  rates  may  be  justified  on  this  basis,  but,  for 
every  job  which  affects  the  larger  operating  costs,  good  men  are 
usually  well  justified.  The  same  method  applies  to  the  personnel  prob¬ 
lem  except  that  usually  the  value  of  different  classes  of  men  is  not  so 
easily  determined.  Experience  has  shown  that  there  is  usually  a  big 
opportunity  to  reduce  costs  by  utilizing  better  trained  operators.  This 
does  not  mean  wholesale  firing  and  hiring  of  men,  but  rather  a  com¬ 
bined  sorting  and  educational  process.  The  latter  involves  a  detailed 
and  accurate  study  of  all  the  operations,  and  the  establishing  of  stand¬ 
ards  qj  operation  and  performance.  The  power  department  then  be¬ 
comes  a  modern  well-organized  unit.  Costs  and  trends  must  be  indi¬ 
cated  to  all  those  responsible  for  their  reduction.  This  does  not  mean 
that  each  and  every  employee  must  be  given  the  complete  financial 
statement,  but  each  one  should  have  indicated  to  him  the  results  of  his 
efforts  in  order  that  he  may  work  intelligently  and  in  order  that  an 
intense  interest  may  be  sustained. 

How  much  enthusiasm  and  pep  could  be  secured  in  a  football 
team  if  the  score  were  kept  secret  except  to  the  president  of  the  insti¬ 
tution,  and  perhaps  a  few  of  his  trusted  staff?  How  long  would  a 
bank  last  if  accounts  were  never  balanced  and  the  exact  records  of 
each  employee  made  known  to  him?  Why  is  it  that  most  industries  are 
“penny  wise  and  pound  foolish"?  Every  cent  of  petty  cash  must 
always  be  accounted  for  by  a  respected  employee  working  under  good 
conditions,  while  the  handling  of  millions  of  pounds  of  coal  is 
usually  assigned  to  almost  anyone  who  will  take  the  job.  Educational 
qualifications  are  not  usually  examined.  Why  is  it  ?  The  answer  to 

this  question  is  the  introduction  to  a  new  source  of  profit. 

There  is  no  foundation  for  the  old-time  accepted  impression  of 
power  generation.  Comparisons  with  other  manufacturing  operations 
will  establish  this  contention  beyond  a  doubt.  What  product  is 
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cleaner,  requires  less  to  pack,  check  and  ship  than  kilowatt-hours  or 
pounds  of  steam?  What  good  reasons  can  be  advanced  for  not  having 
clean,  comfortable,  well  lighted  working  quarters  which  will  attract 
intelligent  men  with  good  educations?  In  what  other  business  has  an 
employee  the  opportunity  to  handle  such  large  values  and  increase  the 
profits  so  much  ? 

When  making  an  improvement  in  personnel,  it  is  usually  worth 
while  to  obtain  a  few  well  trained  men  for  those  operations  where  the 
losses  suffered  during  an  educational  period  would  be  too  great,  and 
then  train  all  the  others  so  they  can  help  themselves  by  helping  you. 

In  large  operations,  a  separate  technical  department  is  invaluable 
for  determining  facts,  maintaining  meters,  and  doing  special  research 
work  for  which  operators  have  neither  the  time  nor  the  qualifications. 

Time  is  too  short  to  permit  more  than  mention  of  many  impor¬ 
tant  details  of  which  the  following  are  typical : 

1.  Have  written  orders  for  repairs. 

2.  Have  written  reports  of  operation,  accidents,  and  service 
faults. 

3.  Have  written  instructions  for  operating. 

4.  Have  written  routine  inspections. 

5.  Keep  the  operators  informed  regarding  the  reasons  under¬ 
lying  various  operations.  Do  not  expect  them  to  do  anything  against 
their  judgment  based  on  their  previous  experience.  As  an  illustration, 
most  old-time  engineers,  and  many  of  the  new  ones,  would  consider  it 
very  bad  practice  to  turn  steam  into  a  large  line  rapidly.  As  a  matter 
of  fact,  if  the  steam  is  turned  into  a  large  line  slowly,  the  chances  are 
about  100  to  1  that  the  line  will  be  broken  because  the  steam  being 
lighter  than  the  air  will  float  to  the  top  of  the  line,  expanding  it  while 
the  bottom  of  the  line  is  still  cold.  Such  failures  are  bound  to  occur 
if  the  air  is  not  driven  out  of  the  line  quickly  so  that  the  bottom  and 
the  top  expand  at  about  the  same  time.  One  company  goes  to  the 
trouble  of  connecting  a  vacuum  pump  to  the  line  and  exhausting  most 
of  the  air  before  any  steam  is  admitted.  This  is  not  necessary  if  ample 
drains  and  air  vents  are  provided  at  the  extreme  end  of  the  line.  This 
does  not  mean  that  any  appreciable  pressure  must  be  raised  on  the  line 
because  this  is  not  desirable,  but  it  does  mean  that  the  steam  should  be 
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admitted  fast  enough  so  that  the  air  is  pushed  out  of  the  line  ahead  of 
the  steam  which  weighs  only  half  as  much  as  the  air. 

6.  Eliminate  the  causes  of  costs  rather  than  only  repair  the 
result  of  wrecks. 

7.  Simplify. 

8.  Place  responsibility  definitely,  and  respect  the  lines  of  author¬ 
ity.  Establish  responsibility  for  each  operation  and  judge  by  the  costs, 
quality  of  service,  and  condition  of  property. 

9.  Have  regular  staff  and  committee  meetings  with  written 
minutes  and  a  follow  up  on  each  item. 

10.  Keep  before  the  operator  a  record  in  chart  or  tabular  form 
showing  the  value  of  the  wastes  rather  than  percentages  -which  are 
more  difficult  to  interpret  and  evaluate.  A  loss  of  $1000  is  more  im¬ 
pressive,  and  gets  more  action,  than  a  figure  of  99  per  cent,  (really  a 
comforting  figure)  on  a  $100,000  item. 

11.  Have  accurate  records,  if  feasible.  Meter  every  important 
item,  if  you  can,  and  make  use  of  even  such  crude  units  as  wheelbar¬ 
rows  or  buckets.  Attention  given  to  any  item  usually  reduces  its  cost. 

12.  Use  vertical  performance  and  cost  tabulations  and  charts  to 
record  all  trends.  Records  are  of  most  value  while  being  made,  but 
they  serve  also  as  history. 

13.  Reward  the  operators,  and  always  have  some  incentive  in 
the  form  of  promotion,  pride,  or  the  joy  of  winning  in  competition  in 
order  to  obtain  their  continued  interest  and  loyalty. 

It  is  believed  that  the  same  successful  principles  which  have  been 
proved  in  manufacturing  industries  can  be  used  with  benefit  in  the 
production  of  industrial  power,  and  certainly  the  same  sound  methods 
by  which  the  gigantic  electric  industry  has  been  created  are  applicable 
by  the  executive  in  other  branches  of  manufacturing. 
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DISCUSSION 

W.  N.  Flanagan,  Chairman  :*  The  subject  is  now  before  you 
for  discussion.  I  was  very  much  interested  in  the  comparative  results 
of  the  use  of  high-grade  labor  and  of  low-grade  labor.  That  is  appar¬ 
ently  all  very  simple,  but  the  solution  is  not  as  simple  as  it  looks.  The 
greatest  problem  of  the  industrial  power-house  from  a  management 
standpoint  is  the  question  of  labor.  The  first  decision  that  must  be 
made  is  “shall  high-grade  operators  or  low-priced  operators  be  em¬ 
ployed?’’  Both  kinds  are  being  used  by  various  successful  concerns. 

The  problem  consists  of  ( 1 )  evaluating  the  high-grade  labor 
without  long  periods  of  testing,  and  of  (2)  working  such  a  class  of 
operators  into  a  standardized  organization. 

The  first  part  of  the  problem  is  easily  considered.  For  example, 
let  us  use  an  industrial  boiler  house  of  about  10,000  horse-power  for 
which  we  will  assume  a  yearly  fuel  cost  of  about  $422,000  a  year 
when  operated  by  mediocre  firemen.  Three  men  each  turn,  or  nine 
men  a  day,  at  about  50  cents  an  hour,  would  operate  the  stokers  and 
handle  annually  coal  worth  $422,000  for  wages  amounting  to 
$11,140.  In  other  words,  each  of  these  men  spends,  far  more  directly 
than  the  purchasing  agent  who  bought  the  coal,  547,000  a  year. 

We  may  say,  double  the  hourly  rate  and  get  higher  efficiency 
by  better  operators  at  an  additional  yearly  pay-roll  of  $11,140  a  year; 
$11,140  $422,000  =  2.65  per  cent.  This  means  that  the  nine 

higher-grade  men  would  have  to  increase  the  efficiency  only  2.65  per 
cent.,  or  a  raise  from  68  to  70  per  cent. 

This  seems  very  simple  of  accomplishment  in  an  average  plant, 
but  doubling  the  wages  of  stoker  operators  does  not  necessarily  suffice. 
There  will  be  about  twice  that  many  men  in  the  boiler  house  proper 
who  will  want  their  pay  doubled,  also.  This  would  require  an 
increase  in  boiler-house  efficiency  of  five  per  cent.,  or  a  change  from 
68  to  73  per  cent.  This  is  still  within  reasonable  expectation  to  make 
the  change  worth  while  to  the  management.  However,  in  the  average 
industrial  plant  the  power-house  is  a  small  percentage  of  the  total 
labor  force  which  considers  itself  closely  on  a  par  with  at  least  a  ma¬ 
jority  of  the  boiler-house  personnel ;  therefore,  unless  the  change  to 
the  proper  kind  of  power-house  employees  is  made  in  a  very  judicious 
manner,  it  might  cause  dissatisfaction  among  hundreds  or  even  thou- 

*Special  Engineer,  Carnegie  Steel  Co.,  Pittsburgh. 
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sands  of  other  workers,  though  these  workers  do  not  have  the 
responsibility  for  the  direct  wastage  of  such  large  sums  as  the  boiler- 
house  man. 

It  will  thus  be  seen  that  the  industrial  executive  has  a  far  more 
weighty  problem  in  this  respect  than  a  concern  whose  sole  output  is 
power,  and  this  accounts  for  the  seemingly  lower  efficiencies  and 
poorer  labor  sometimes  encountered  in  industrial  power-plants. 

F.  M.  Van  Deventer:*  Your  example  of  saving  money 
through  increased  efficiency  by  doubling  the  wages  of  the  laboring 
man  is  interesting;  but  it  does  not  seem  to  me  that  this  is  the  most 
satisfactory  method  of  effecting  an  operating  saving.  It  would  seem 
more  logical  to  put  a  good  superintendent  in  charge  of  the  plant  and 
let  him  spend  four  or  five  thousand  dollars  for  good  recording  instru¬ 
ments,  which  will  work  24  hours  a  day,  and  give  him  a  complete 
check  on  what  the  men  on  all  shifts  are  doing.  If  the  superintendent 
is  a  good  leader,  he  can  use  unskilled  men  at  moderate  wages,  and  by 
demonstrating  proper  methods  of  operation  and  by  illustrating  each 
man’s  improvement  from  time  to  time  by  reference  to  the  operating 
charts,  he  can  obtain  continuous  skillful  operation. 

W.  N.  Flanagan,  Chairman :  That  is  another  method  by  means 
of  which  solution  of  the  problem  may  be  attempted.  What  I  was  trying 
to  bring  out  in  the  way  of  management  difficulties  was  the  fact  that  in 
the  industrial  establishment  there  are  so  many  varied  employees  and 
if  high-grade  labor  or  supervision  is  suddenly  installed  in  one  depart¬ 
ment,  all  of  the  other  workers  in  the  same  plant  might  demand  higher 
rates.  The  same  is  true  in  case  of  bonuses  in  the  power-house.  As  a 
relic  of  the  days  of  small  units  and  hand  firing,  all  the  other  indus¬ 
trial  employees  look  upon  the  power-house  men,  particularly  the 
boiler-house  force,  as  semi-skilled  labor  despite  the  frequently  greater 
opportunity  for  continuous  wastage.  Mr.  Van  Deventer’s  point  is 
well  taken.  That  is  a  possible  means  that  may  be  employed  with  the 
minimum  of  dissatisfaction. 

To  me  this  is  the  most  interesting  phase  of  management,  because, 
due  to  the  engineer’s  achievements  in  the  power-house,  it  is  fairly  easy 
to  evaluate  what  you  are  going  to  receive  in  return  for  changes  you 

^Mechanical  Engineer,  H.  L.  Doherty  &  Co.,  New  York. 
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make  in  equipment;  but,  when  a  man  has  an  industrial  power-plant  to 
operate,  the  big  problem  is  the  labor  problem.  It  is  the  one  on  which 
he  really  has  the  least  information. 

J.  H.  Lawrence:*  There  is  one  thing  that  has  not  been  men¬ 
tioned  which  seems  to  me  more  important  than  the  question  of 
increased  efficiency,  in  order  to  justify  paying  higher  labor  rates. 
That  is  the  question  of  keeping  the  plant  going  at  reasonable  cost. 
There  is  no  place  around  an  industrial  plant  where  men  can  do  more 
harm  in  a  few  seconds  than  in  a  power-house.  A  turbine  of  even  5000 
kilowatts  capacity  represents  an  investment,  with  condenser  and  other 
appurtenances,  of  somewhere  between  $100,000  and  $200,000. 

If  an  operator  is  careless,  he  can  very  quickly  make  scrap  out  of 
the  whole  investment.  I  think  this  is  one  point  which  is  very  generally 
disregarded.  The  owner  will  spend  a  lot  of  money,  in  some  industrial 
plants  into  the  millions,  just  for  the  power  installation,  and  an  invest¬ 
ment  of  $100,000  or  $200,000  is  common.  You  would  think  that 
after  making  such  an  investment,  thought  would  be  given  to  the  men 
in  charge  of  such  a  power-house.  However,  you  generally  find  that 
second-rate  men  are  put  in  charge  of  the  power-plant,  because  the 
owner  does  not  pay  sufficient  attention  to  this  end  of  his  business. 

I  can  remember  one  case  where  a  manufacturer  invested  about 
$500,000  in  a  power-plant  and  in  a  year  the  plant  was  almost  a  com¬ 
plete  wreck.  If  some  one  had  not  taken  over  the  operation  of  the 
plant,  it  is  doubtful  if  it  would  have  lasted  six  months  more.  The 
reason  a  good  man  was  not  put  in  charge  in  the  first  place  was  because 
it  would  have  meant  paying  a  good  salary  to  the  chief  engineer  of  the 
plant,  and  this  salary  was  more  than  was  being  paid  in  the  industrial 
part  of  the  works.  They  finally  had  to  pay  a  good  salary  in  order  to 
get  a  man  who  could  operate  the  plant  in  a  satisfactory  manner, 
but  the  damage  which  had  already  been  done  would  have  paid  this 
man’s  salary  for  many  years. 

There  is  so  much  money  involved  and  the  value  of  the  fuel 
burned  is  so  considerable  that  it  is  not  good  policy  to  put  a  second- 
rate  man  in  charge.  It  is  not  necessary  that  all  the  employees  be  of  a 
high  type,  but  at  least  the  man  in  charge  on  each  shift  should  know 
his  duties,  and  he  properly  educated  to  take  care  of  the  equipment. 

*President,  Thomas  E.  Murray,  Inc.,  New  York. 
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I  know  of  one  case  where  no  change  was  made  in  the  personnel 
of  the  power-plant  and  no  salaries  were  raised,  with  the  exception  that 
an  engineer  from  the  general  office  spent  part  of  each  day  in  the  boiler 
room  or  turbine  room  instructing  the  employees  in  the  handling  of  the 
equipment.  Prior  to  his  arrival  the  plant  was  in  horrible  shape,  but 
at  the  end  of  six  months  he  had  educated  the  men  so  that  it  was  no 
longer  necessary  for  him  to  spend  his  time  at  the  plant.  Not  only  was 
the  equipment  kept  in  proper  condition,  but  the  efficiency  of  the  plant 
was  improved  considerably.  The  workmen  were  intelligent,  but  they 
had  never  had  proper  instruction  in  the  care  of  such  equipment. 

Without  proper  supervision,  it  is  impossible  to  expect  satisfactory 
operation.  While  equipment  may  be  satisfactory  when  it  is  installed, 
if  it  is  not  followed  up  regularly,  it  will  be  found  that  the  equipment 
will  not  function  when  it  is  expected  to.  We  very  often  find  that 
automatic  equipment  fails  in  times  of  emergency  because  it  has  not 
been  given  the  proper  care.  The  trouble  generally  is  that  competent 
supervision  is  not  supplied  until  something  happens. 

I 

J.  A.  Hunter:*  The  remarks  have  been  very  much  to  the  point 
and  have  brought  out  valuable  discussions  on  organization,  rates  of 
pay,  etc. 

In  central-station  work,  practically  the  entire  organization  is 
engaged  in  the  production  of  power;  whereas,  in  industrial  plants,  the 
number  of  men  so  engaged  is  a  relatively  small  proportion  of  the  plant 
organization.  The  central-station  man,  therefore,  can  change  the 
rates  of  the  men  engaged  in  producing  power  without  giving  much 
consideration  to  the  rest  of  his  organization ;  whereas,  if  the  rates  of 
the  men  engaged  in  power  production  in  industrial  plants  are  changed, 
it  may  disturb  the  entire  rate  structure  of  the  plant. 

I  believe  that  the  suggestion  of  Mr.  Van  Deventer — to  have  a 
competent  man  supervise  operation — will  produce  the  desired  results 
without  possible  difficulties  with  the  rest  of  the  plant  organization. 

F.  M.  Van  Deventer:  Mr.  Hobbs  has  treated  the  subject 
from  the  viewpoint  of  a  large  manufacturing  concern  which  is  well 
justified  in  having  a  capable  power  engineer  on  its  staff;  but  there  are 
literally  thousands  of  small  industrial  plants  using  steam  and  power  in 


*  Assistant  Chief  Engineer,  American  Sheet  and  Tin  Plate  Co.,  Pittsburgh. 
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such  small  quantities  that  they  are  not  justified  in  having  a  compe¬ 
tent  engineer  on  the  pay-roll.  Usually  such  equipment  as  is  required 
in  these  plants  is  operated  and  maintained  by  a  master  mechanic  who 
often  adopts  the  ill-fitting  title  “plant  engineer.”  While  such  men  can 
keep  an  account  of  coal  used,  etc.,  they  have  no  knowledge  of  eco¬ 
nomics  or  even  of  elementary  thermodynamics,  and  therefore  are  not 
competent  to  advise  their  executives  concerning  power  problems. 

The  executives  themselves  seldom  have  engineering  training,  and 
usually  their  attitude  toward  their  power  equipment  is  anything  but 
cordial,  since  failures  in  this  department  probably  have  caused  costly 
plant  shut-downs. 

In  a  large  number  of  cases  the  question  of  rehabilitation  is  initi¬ 
ated  by  an  equipment  salesman,  who  points  out  to  the  plant  owner 
that  a  considerable  amount  of  money  may  be  saved  by  the  purchase 
and  installation  of  his  equipment.  In  most  cases  the  indicated  saving 
is  based  upon  bare  operating  costs,  and  such  an  analysis  can  be  made 
to  look  very  attractive,  while  a  complete  consideration  of  all  the  facts 
might  show  an  actual  loss  by  following  the  advice  given.  The  real 
need  in  such  cases  is  an  unbiased  analysis  of  the  situation  by  a  com¬ 
petent  engineer  who  can  determine  whether  the  proposed  or  some 
other  form  of  rehabilitation  is  the  better  method  of  procedure,  or  pos¬ 
sibly  that  the  existing  source  of  power  and  steam,  though  not  modern, 
may  be  adequate  and  more  economical  than  any  rehabilitation  requir¬ 
ing  additional  capital  outlay.  Probably  the  best  method  of  alleviating 
this  situation  would  be  to  urge  the  various  industrial  trade  journals, 
which  would  reach  practically  every  plant  owner,  to  point  out  the 
importance  of  a  complete  survey  and  analysis  of  power  situations  by  a 
competent  and  reliable  consulting  engineer  before  determining  upon 
any  action. 

J.  C.  Hobbs:  Thanks  are  due  Mr.  Lawrence,  who  has  so  well 
illustrated  certain  points. 

Mr.  Skinkle  suggests  to  me  that  the  “penny  wise  and  pound  fool¬ 
ish”  illustration  should  be  expanded  to  include  the  fact  that  bonded 
men  are  required  to  watch  the  pennies,  while,  more  often  than  not,  no 
one  is  even  assigned  the  job  of  making  a  report  on  what  happens  to 
the  pounds  of  coal. 

So  far  no  one  has  mentioned  the  fact  that  high-grade  operators 
can  obtain  better  results  than  a  larger  crew  of  poorly  trained  men. 
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This  has  been  proved  many  times  and  is  so  true  that  it  can  be  stated 
as  a  fundamental  law  as  far  as  it  concerns  supervisors  and  foremen. 
It  does  not  mean  that  each  class  of  work  does  not  have  a  practical 
limit,  but  in  each  class  of  work  the  better  man  at  the  higher  rate  will 
usually  prove  the  more  economical. 

Most  industrial  power-plants  of  to-day  are  operated  in  about  the 
same  fashion  that  central  stations  were  operated  twenty  years  ago, 
when  the  chief  carried  most  of  the  records  in  his  vest  pocket  and  tried 
personally  to  direct  every  detail  of  the  work.  He  certainly  got  a  good 
close-up  yiew  of  many  details,  but  never  saw  the  work  as  a  whole. 
To-day  a  good  organization  is  systematized  so  that  the  cost  books 
are  used  as  compasses  to  guide  the  policies  in  the  most  economical 
direction. 

I  should  like  to  cite  definite  illustrations  in  which  vast  sums  of 
money  have  been  saved  by  the  change  in  policy,  but,  because  most  of 
the  characters  are  still  engaged  in  earning  a  livelihood,  it  would 
appear  uncharitable  to  record  the  productions  which  could  well  have 
been  staged  under  the  title  of  “warring  on  wastes.” 

Mr.  Lawrence  has  cited  the  case  where  the  policy  of  employing 
a  poor  engineer  resulted  in  a  great  loss.  None  of  the  gentlemen  who 
discussed  the  paper  has  called  attention  to  the  fact  that  the  use  of 
good  operators  often  results  in  a  decrease  in  the  number  of  operators 
required,  and  always  decreases  the  cost  of  labor  and  material  for 
maintenance. 

Experience  in  the  rehabilitation  of  many  large  and  small  power 
stations  has  proved  the  great  value  of  education  in  that  class  of  work. 
A  doctor’s  degree  may  not  be  necessary,  but  there  are  problems  and 
rewards  which  challenge  and  justify  the  most  learned.  As  stated 
earlier  in  the  paper,  each  class  of  work  has  a  practical  limit,  but  in 
each  class  the  better  man  at  the  higher  rate  will  usually  prove  the 
more  economical. 

The  first  subject  this  morning  was  of  especial  interest  to  me,  but 
I  did  not  want  to  take  your  time  because  I  thought  you  would  hear 
too  much  of  me  to-day.  However,  I  can  not  keep  from  talking  about 
the  relation  between  “percentage  of  rating”  and  boiler-operating  con¬ 
ditions. 

To-day,  we  are  expressing  ratings  in  terms  of  very  large  figures, 
but  with  the  addition  of  economizers  and  air  heaters  and  the  reduction 
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in  boiler  surface  with  respect  to  furnace  capacity,  “percentage  of 
rating”  has  lost  its  exact  significance  and  means  nothing.  I  have  been 
hoping  that  someone  would  suggest  a  better  basis  of  comparing  boiler 
operation. 

In  the  past,  boiler  rating  has  been  used  as  a  basis  for  comparison 
of  investments,  economy,  and  maintenance  resulting  from  excess  tem¬ 
perature  and  heat-transfer  conditions.  Obviously,  changing  the  classi¬ 
fication  of  heating  surface  from  boiler  to  economizer  or  air  heater  has 
affected  the  percentage  of  boiler  rating  without  changing  the  actual 
conditions.  It  would  seem  that  there  is  a  need  for  some  new  basis 
which  will  give  a  definite  index. 

Investment,  operating  economy  (including  power  required  for 
induced  draft),  and  maintenance  represent  a  three-phase  figure,  the 
elements  of  which  are  related  among  themselves  and  have  a  relation  to 
the  pounds  of  steam  being  produced  per  hour. 
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SOME  ECONOMIC  FALLACIES  IN  ISOLATED 
POWER-PLANT  COST  ANALYSES* 

By  F.  M.  Van  Deventer+ 

It  may  seem  to  be  a  waste  of  effort  to  discuss  here  the  important 
part  which  “fixed  charges”  play  in  the  true  cost  of  any  plant  operation. 
Engineers  should  be  thoroughly  conversant  with  this  situation.  How¬ 
ever,  a  perusal  of  the  many  articles  on  industrial  power-plants  in  our 
leading  power  journals  indicates  that  many  engineers  either  are  blind 
to  the  real  facts;  or,  ostrich  fashion,  they  ignore  the  facts  in  order  to 
prove  a  specific  result.  Furthermore,  the  proceedings  of  this  session 
will  no  doubt  be  used  by  non-technical  executives  at  large,  as  well  as 
by  engineers,  as  a  guiding  text  in  studying  their  power-cost  problems. 
It  therefore  seems  appropriate  to  illustrate  by  specific  example  some 
common  fallacies  in  cost  analysis,  and  to  outline  a  more  accurate 

method  of  procedure. 

Unfortunately,  the  arguments  presented  herein  are,  in  general, 
more  favorable  to  one  side  of  the  problem  of  purchased  power.  The 
object  of  this  paper,  however,  is  not  to  prove  that  one  or  the  other  case 
is  the  rule.  The  author  admits  that  each  has  a  logical  existence ,  but, 
in  order  to  make  a  correct  decision,  each  case  must  be  carefully 
analyzed  according  to  the  local  conditions  imposed,  and  all  tangible 
items  should  be  given  proper  consideration.  The  real  object  of  this 
paper,  then,  is  to  point  out  how  the  consideration  of  fixed  charges 
may  be  the  crucial  point  in  making  a  correct  decision. 

With  this  purpose  in  view,  reference  is  made  to  Table  I,  which 
is  an  extract  from  a  recent  issue  of  a  prominent  power  magazine,  and 
which  appeared  under  the  title  “New  .  .  .  Power  Plant  to  Repay 
Cost  in  Five  Years.” 

Previous  to  1929  the  plant  purchased  electric  energy  for  power 
and  produced  process  steam  in  a  battery  of  obsolete  Scotch  marine 
boilers.  On  the  strength  of  the  published  comparison,  the  plant  was 
rehabilitated  by  the  installation  of  a  modern  boiler  plant,  a  con¬ 
densing  turbo-generator  arranged  for  the  extraction  of  process  steam, 
and  the  substitution  of  alternating-current  for  direct-current  motors. 

*Presented  October  1,  1929.  Received  for  publication  January  17,  1930. 

tMechanical  Engineer,  Henry  L.  Doherty  &  Co.,  New  York. 
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TABLE  I.  CAPITAL  EXPENDITURE  REQUIRED 


Column  1 
Published 
cost  of 
boilers, 
generator,  etc. 


Boiler  settings  and  ash  pockets .  $  13,100 

Two  boilers  and  superheaters .  43,330 

Pumps  .  5,657 

Piping  new  boilers .  43,671 

Stokers . 21,015 

Turbine  and  switchboards .  49,130 

Condenser .  4,006 

Ash-handling  equipment  .  12,713 

Coal-handling  equipment .  4,006 

Extending  chimney .  2,890 

Changing  motors  from  direct  to  alternating 

current .  7,677 

Changes  in  building .  40,108 

Electrical  work  in  power-house .  6,674 

Removal  of  old  switchboard .  825 

Pipe  covering .  1,618 

Revamp  boiler  feed  treatment .  1,953 

Furnishings .  340 


Column  2 
Author’s 
suggestion 
Boilers  only 
rehabilitated 

$  13,100 
43,330 


43,671 

21,015 


12,713 

4,006 

2,890 

7,677 

20,108 

6,674 

825 

1,618 

1,953 

100 


Total  capital  investment 


$258,713 


$179,680 


Column  1  of  Table  I  shows  the  itemized  cost  of  the  required 
changes  in  connection  with  the  rehabilitation  of  the  plant.  It  should 
be  noted  that  the  total  capital  expenditure  required  is  $258,713. 

Columns  1  and  2  of  Table  II  are  also  taken  from  the  published 
article,  and  show  the  comparative  annual  operating  costs  before  and 
after  the  rehabilitation.  It  should  'be  noted  from  Item  6  that  these 
costs  are  respectively  $97,913  and  $46,524.  Item  8,  the  difference 
between  the  foregoing  figures  is  $51,389,  which  properly  represents 
the  annual  saving  in  operating  expense.  It  is  noted  that  this  saving  is 
just  one-fifth  of  the  capital  expenditure  required.  With  this  fact  in 
mind,  the  authors  conclude  the  article  by  stating,  “Thus  it  appears 
that  the  saving  in  operating  costs  will  pay  for  the  new  plant  in  about 
five  years.” 

The  foregoing  analysis  is  typical  (unfortunately)  of  hundreds 
that  have  been  made,  and  many  of  them  published  as  examples  of 
good  operating  finance,  and  the  conclusion  seems  logical  if  one  is  will- 


18 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA. 


[Jan. 


TABLE  II.  YEARLY  OPERATING  COSTS 


I'able  as  published 


Column  1 

Column  2 

Author’s 

Purchased 

Isolated 

suggestion 

power 

plant 

Column  3 

1927 

1929 

Boilers  only 

(actual) 

(estimate) 

rehabilitated 

1. 

Labor . 

$18,924 

$  9,636 

$  6,000 

2. 

Repairs . 

8,200 

2,000 

1,000 

3. 

Coal . 

50,939 

33,310 

30,000 

4. 

Supervision  . 

1,578 

1,578 

1,578 

5. 

Purchased  power . 

18,272 

18,272 

6. 

Total  operating  cost . 

$97,913 

$46,524 

$56,850 

7. 

Less  estimated  cost . 

46,524 

8. 

Saving  in  operating  expenses . 

$51,389 

Author’s  complete  cost  analysis 

6.  Total  operating  cost . 

$97,913 

$46,524 

$56,850 

9.  Fixed  charges  on  capital  in- 

vestment . 

38,806 

26,952 

10.  Corrected  comparative  produc- 

tion  cost . 

$97,913 

$85,330 

$83,802 

ing  to  ignore  the  inevitable  laws  of  economics  and  finance.  While  the 
method  is  erroneous,  or  at  least  incomplete,  the  conclusion  may  or  may 
not  be  erroneous.  If  it  is  not,  it  is  in  spite  of  and  not  because  of,  the 
judgment  of  the  analyst.  If  the  conclusion  is  erroneous,  the  actual 
cost  of  providing  the  service  will  be  excessive,  and  the  net  profits  of 
operating  the  business  somewhat  decreased  over  a  period  of  years; 
but  in  this  case  the  analyst  would  be  unaware,  because  his  erroneous 
method  of  observation  would  still  indicate  a  saving. 

Of  course  it  is  obvious  to  you  that  the  fallacy  of  the  foregoing 
example  is  that  the  saving  in  operating  expense  is  not  a  true  or  net 
saving.  A  fitting  slogan  would  be:  “Ask  the  man  who  pays  the  bills; 
he  knows.” 

The  little  matter  of  $258,713  must  be  procured  from  somewhere. 
If  it  is  borrowed,  the  exchequer  will  receive  the  equivalent  of  an 
annual  statement  for  about  $18,000  for  interest.  If  the  principal  sum 
be  diverted  from  a  capital  surplus  account,  the  possibility  of  using  this 
amount  for  dividend-paying  investments  is  precluded,  and  the  six  or 
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seven  per  cent,  return  sacrificed.  By  expending  the  sum  for  expansion 
of  the  business,  it  might  return  20  per  cent,  annually,  or  even  100 
per  cent,  or  more.  At  any  rate,  the  rental  value  or  interest  charge  on 
the  capital  amount  exists  and  must  be  considered  as  an  item  of  pro¬ 
duction  cost. 

Then  the  tax  assessor  strikes  his  blow.  It  might  be  assumed  that 
previous  assessed  valuations  will  be  continued  and  not  increased  by 
the  rehabilitation  of  power  equipment  which  might  escape  the  notice 
of  the  assessor.  On  the  other  hand,  a  dingy  and  unkempt  factory 
might  well  be  betrayed  by  a  shiny  new  engine,  to  the  extent  that  the 
assessor,  dazzled  by  the  nickel-plated  mountings,  would  raise  the 
assessed  valuation  on  the  whole  factory,  on  the  assumption  that  the 
property  has  been  modernized  and  the  value  greatly  enhanced.  At 
any  rate,  installed  power-producing  equipment  should  be  debited  with 
its  share  of  the  taxes. 

The  equipment  must  be  insured.  Fly-wheel  insurance,  boiler 
insurance,  liability  and  compensation  insurance  are  required  to  pro¬ 
tect  the  owners.  Certainly  the  cost  of  these,  even  though  they  may 
constitute  a  small  amount,  is  a  legitimate  charge. 

The  aggregate  amount  of  interest,  taxes,  and  insurance  will  vary 
for  specific  cases  according  to  conditions,  but  for  illustrative  purposes 
will  be  assumed  to  constitute  an  annual  cost  of  10  per  cent,  of  the 
capital  investment.  Referred  to  the  example  under  discussion  this 
would  amount  to  $25,871.  Thus,  when  all  items  except  depreciation 
or  obsolescence  have  been  accounted  for,  the  net  annual  saving  would 
be  not  $51,389  as  indicated  in  Table  II,  but  $25,518.  Since  this  is 
roughly  10  per  cent,  of  the  capital  investment,  it  may  truthfully  be 
said  that  the  isolated  plant  will  pay  for  itself  in  about  ten  years;  this, 
of  course,  is  still  an  attractive  proposition,  if  the  present  owners  expect 
to  operate  the  plant  for  more  than  that  length  of  time. 

To  illustrate  further  a  possible  condition,  assume  that  the  capital 
investment  required  were  double  the  actual  amount,  or  $517,426. 
Then  the  aggregate  of  interest,  taxes,  and  insurance  would  be  $51,742 
a  year.  Since  this  exceeds  the  saving  in  operating  expense,  it  is  obvious 
that  the  isolated  plant  never  would  pay  for  itself,  and  would  actually 
entail  a  higher  production  cost  than  purchased  power ;  hut,  even  in 
this  case,  the  “ostrich  type”  of  analysis,  which  ignores  all  fixed  charges, 
would  indicate  that  the  saving  would  liquidate  the  first  cost  in  five 


20  PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA.  [Jan. 

years.  This  example  may  appear  to  be  a  travesty,  but  actual  cases 
could  be  cited  which  fall  into  this  class. 

Although  the  author  has  carried  out  the  determination  of  “years 
required  to  liquidate  first  cost”  for  illustrative  purposes,  four  reasons 
may  be  cited  for  discouraging  the  use  of  this  datum: 

1.  The  real  interpretation  of  the  “paid  in  10  years”  case  is 
that  during  the  first  10  years  all  savings  after  costs  have  been  paid 
would  be  used  to  retire  a  portion  of  the  principal  sum.  After  com¬ 
plete  retirement,  only  taxes  and  insurance  need  be  deducted  from 
operating  savings  to  determine  net  annual  savings;  but  this  type  of 
analysis  is  not  desired  by  the  executive,  who  prefers  all  costs  either  on 
an  annual  basis,  or  per  unit  of  factory  product. 

2.  The  author  has  shown  in  another  paper*  that  for  some  types 
of  equipment  the  use  of  “years  required  to  liquidate  first  cost”  or 
“per  cent,  return  on  investment”  as  criteria  of  value,  may  result  in 
the  adoption  of  the  worst  instead  of  the  best  proposition. 

3.  It  is  the  practice  in  most  large  enterprises  to  combine  cost 
of  plant  improvements  in  a  composite  fund.  The  money  is  obtained 
by  floating  a  bond  issue  and  amortized  by  a  sinking-fund.  Thus,  the 
principal  is  not  paid  off  piecemeal  once  a  year,  but  retired  completely 
from  the  sinking-fund  at  a  specified  time. 

4.  There  is  a  mathematical  inaccuracy  in  nearly  all  “years  to 
pay”  considerations  by  virtue  of  the  fact  that  the  interest  charges  theo¬ 
retically  should  be  reduced  as  the  principal  sum  is  retired.  A  true  solu¬ 
tion  is  somewhat  laborious  and  wholly  unjustified. 

As  a  recommendation,  the  simplest  method  of  analysis  which 
properly  accounts  for  fixed  charges  may  be  outlined  as  follows: 

1.  Establish  a  logical  assumption  for  the  economic  life  of  the 
equipment. 

2.  Charge  simple  interest  on  the  principal  for  the  entire  eco¬ 
nomic  life. 

3.  Provide  for  the  retirement  of  the  principal  by  a  sinking-fund 
at  the  termination  of  the  economic  life.  Thus,  3.36  per  cent,  set  aside 


*  Trans.  A.S.M.E.,  1928,  v.  50,  FSP-50-63,  p.  107-114. 
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annually  and  compounded  annually  at  four  per  cent,  will  amortize 
the  principal  in  20  years.  (In  this  manner  interest  is  accumulated  on 
the  sinking-fund  instead  of  being  saved  by  the  partial  retirement  of 
principal.  This  explains  the  reason  for  item  2.) 

4.  Establish  an  annual  fixed  charge  by  combining  the  amortiza¬ 
tion  of  the  sinking-fund  with  interest,  taxes,  insurance,  etc. 

5.  The  sum  of  the  annual  operating  cost  and  the  annual  fixed 
charge  results  in  a  truly  comparative  annual  production  cost. 

In  Table  II  the  author  has  appended  items  9  and  10.  For  illus¬ 
trative  purposes  it  is  assumed  that  the  total  fixed  charges,  including 
amortization,  aggregate  15  per  cent.  Item  9  shows  that  charge  against 
the  investment  for  plant  rehabilitation  in  column  2.  Then  item  10 
shows  the  comparative  production  cost.  It  should  be  noted  that  the 
comparative  production  cost  for  the  isolated  plant  is  $85,330  a  year, 
which  is  $12,583  less  than  the  set-up  for  purchased  power.  Thus,  on 
the  basis  of  these  two  set-ups  only,  the  complete  analysis  confirms  the 
original  conclusion  that  the  production  cost  with  the  isolated  plant 
would  be  more  favorable  than  the  former  method  of  using  purchased 
power,  but  the  real  saving  is  only  $12,583  a  month  instead  of  $51,389 
as  reported. 

Another  fallacy,  or  rather  shortcoming,  of  many  analyses  is  the 
failure  to  consider  all  the  possibilities  of  rehabilitating  an  isolated 
power  system.  A  complete  study  may  involve  the  comparison  of  a 
half  dozen  or  more  possible  ways  of  providing  the  necessary  power  and 
steam.  One  of  these  will  attain  the  objective  at  a  cost  lower  than  with 
any  of  the  others.  If  this  best  method  is  overlooked,  an  inferior  method 
may  be  adopted,  with  a  consequent  burden  of  excessive  production  cost. 

For  instance,  in  the  previous  example  the  boiler  plant  could  be 
rehabilitated  so  as  to  reduce  the  cost  of  steam  production  and  power 
purchased.  At  the  outset  this  might  seem  to  be  a  superfluous  consid¬ 
eration,  particularly  in  view  of  the  one-time  slogan  :  “If  process  steam 
and  power  are  both  required,  use  the  same  steam  twice  and  get  the 
power  for  nothing.”  Experience  has  shown  that  this  is  an  unsafe  rule 
to  follow,  and  the  present  case  proves  the  point. 

Referring  to  Table  I  the  author  has  appended  column  2,  which 
includes  only  the  items  necessary  for  the  rehabilitation  of  the  boiler 
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plant.  The  capital  investment  in  this  case  is  $179,680  instead  of 
$258,713  as  required  for  the  self-contained  plant. 

Table  II  h  as  been  extended  by  adding  column  3,  which  shows 
the  comparative  operating  cost  with  purchased  power  and  a  new  boiler 
plant.  The  total  operating  cost,  including  purchased  power,  is  shown 
by  item  6  to  be  $56,850  a  year,  or  $10,326  more  than  the  operating 
cost  with  the  isolated  plant.  An  “ostrich-eyed”  analyst  would  imme¬ 
diately  abandon  the  last  scheme  because  of  excessive  operating  cost; 
but  in  the  complete  analysis,  as  represented  by  items  9  and  10,  it  is 
seen  that  the  saving  in  fixed  charges  more  than  counterbalances  the 
additional  operating  expense,  and  the  latter  scheme  actually  provides 
steam  and  power  at  a  saving  of  $1528  a  year  as  compared  with  the 
self-contained  plant,  and  $14,111  as  compared  with  the  original  steam 
plant  and  purchased  power.  Thus,  even  though  the  author’s  complete 
analysis  confirmed  the  published  conclusion  so  far  as  the  two  original 
alternatives  were  concerned,  it  is  now  observed  that  it  would  be  still 
better  to  continue  to  purchase  energy  and  rehabilitate  the  steam  plant 
only.  There  may  be  still  other  possibilities  which  would  result  in 
still  lower  production  costs,  but  that  is  a  problem  for  the  engineer 
who  has  complete  information  on  the  situation,  and  who  is  paid  for 
the  work. 

The  foregoing  example  was  not  used  with  any  malice  afore¬ 
thought  so  far  as  the  particular  plant  is  concerned,  but  only  because 
it  has  served  so  admirably  to  illustrate  two  very  common  fallacies. 

In  conclusion,  the  author  wishes  only  to  emphasize  the  impor¬ 
tance  of  fixed  charges  as  constituting  a  large  portion  of  production 
expense,  and  to  point  out  that  a  complete  consideration  may  involve 
the  comparison  of  many  possible  set-ups  instead  of  only  two  alter¬ 
natives. 

While  a  problem  of  “purchased  power  versus  isolated  plant”  was 
used  for  illustrative  purposes,  the  same  factors  are  of  equal  importance 
in  selecting  the  type  of  equipment  to  be  used  within  a  specific  plant,  or 
in  any  similar  problem  of  design. 

Inasmuch  as  the  techincal  press  is  represented  at  this  meeting,  I 
shall  take  the  liberty  of  speaking  somewhat  more  critically  than  might 
be  considered  proper  if  there  were  not  some  one  here  to  represent  the 
publishers. 

Of  course,  it  is  an  important  function  of  power-plant  journals 
to  publish  data  on  plant  improvements  as  examples  of  the  benefits  to 
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be  derived  therefrom.  Moreover,  it  is  not  to  be  expected  that  100 
per  cent,  accuracy  ever  will  be  attained  in  the  analysis  of  all  rehabili¬ 
tation  problems,  nor  does  the  fact  that  some  published  analyses  are 
subjected  to  criticism  limit  the  credit  which  is  due  to  the  authors  and 
publishers  for  their  conscientious  effort  to  serve  the  profession ;  but 
the  important  point,  as  I  view  it,  is  that  the  principal  value  of  such 
articles  lies  in  the  fact  that  they  serve  as  valuable  guides  to  others, 
not  in  the  adaptation  of  the  conclusions  per  se,  but  in  the  presentation 
of  the  information  and  the  method  of  analysis  which  warranted  the 
conclusions.  It  thus  becomes  the  duty  of  an  author  to  submit  a  true 
and  complete  set  of  facts  in  justification  of  the  conclusions  he  pre¬ 
sents;  and  it  is  equally  incumbent  upon  the  publisher  to  present  the 
information  in  such  a  manner  as  to  preclude  the  possibility  of  mis¬ 
interpretation  by  the  casual  reader.  It  therefore  seems  appropriate  to 
urge  technical  editors  to  scrutinize  carefully  all  such  articles  and  to 
point  out  limitations  of  the  facts  and  conclusions;  and,  above  all,  to 
select  titles  with  accuracy  of  interpretation  rather  than  spectacular 
display  as  the  major  purpose. 

Referring  to  the  specific  example  which  I  used,  a  manager  of  a 
similar  industrial  plant,  in  glancing  through  the  pages  of  the  publi¬ 
cation  referred  to,  would  be  attracted  by  the  headlines.  He  would  be 
interested  in  knowing  whether  a  similar  rehabilitation  of  his  plant 
would  also  pay  for  itself  in  five  years.  Following  the  line  of  least 
resistance,  he  would  use  the  method  of  analysis  as  published,  altering 
such  figures  as  might  be  required  to  make  the  set-up  represent  his 
conditions.  But,  since  fixed  charges  did  not  appear  in  the  article,  and 
since  publication  implies,  to  a  certain  extent,  concurrence  on  the  part 
of  the  technical  editor,  he  would  in  all  probability  ignore  that  item 
of  cost.  The  factors  governing  his  case  might  be  such  as  to  result  in 
higher  total  costs  after  rehabilitation  and  abandonment  of  purchased 
power  than  under  existing  conditions,  but  the  incomplete  analysis 
would  undoubtedly  indicate  “that  the  investment  would  be  saved  in 
a  few  years.” 

My  earnest  recommendation  is  that  operators  present  complete 
production  costs  including  fixed  charges,  and,  in  cases  where  these 
are  not  available,  an  editorial  note  be  appended  to  point  out  the 
limitations  of  the  data. 
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DISCUSSION 

W.  N.  Flanagan,  Chairman  :*  This  paper  has  not  only  been 
interesting,  but  it  has  been  presented  in  a  manner  tending  to  call  out 
discussion.  I  will  call  on  Mr.  Blake  to  open  the  discussion. 

A.  D.  Blake:!  Very  often  certain  factors  which  govern  the  de¬ 
cision  are  not  indicated  by  the  actual  calculations.  Sometimes  those 
factors  are  business  reasons,  and  I  know  a  number  of  cases  where 
these  governed  the  decision  to  purchase  current,  although  the  calcu¬ 
lations  showed  the  generating  plant  to  be  the  more  economical. 

Referring  to  the  article  which  has  been  questioned  by  Mr.  Van 
Deventer,  I  took  up  this  point  with  the  man  who  wrote  the  article. 
He  told  me  he  had  discussed  it  with  the  vice-president  of  the  com¬ 
pany  owning  the  plant  as  to  why  these  comparisons  with  purchased 
power  had  not  been  included.  He  said  there  were  other  reasons  that 
prompted  them  to  leave  the  comparisons  out  of  the  paper.  The  article 
was,  therefore,  built,  not  around  purchased  versus  generated  power, 
but  around  the  modernization  idea,  considering  savings  against  the 
old  plant.  I  think  you  will  find  that  as  the  theme  of  the  article.  The 
other  question  was  not  introduced. 

Furthermore,  the  power-plant  has  steam  capacity  to  take  care  of 
considerable  extension  of  the  manufacturing  plant.  That  may  account 
for  the  relatively  high  investment  costs.  I  agree  with  Mr.  Van 
Deventer  that  the  fixed  charges  should  have  been  included.  As  to 
whether  obsolescence  and  depreciation  should  be  included,  that  is  a 
question  that  is  debatable  when  you  are  considering  it  on  the  basis  of 
investment  return.  Taxes  and  interest,  by  all  means,  should  have 
been  included,  if  you  are  looking  at  it  from  the  standpoint  of  the 
plant  paying  for  itself  in  five  or  ten  years.  Some  will  insist  that  you 
should  include  amortization  and  depreciation ;  others  will  argue  that 
you  should  not. 

F.  M.  Van  Deventer:  The  author  well  understands  the  dif- ' 
ficulty  in  obtaining  figures  concerning  fixed  charges,  and  sympathizes 
with  the  publishers  in  their  efforts  to  obtain  such  information. 

The  article  under  discussion  is  of  interest  and  value  within  the 
scope  which  Mr.  Blake  says  was  intended — to  describe  the  modern- 
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ization  of  the  power  equipment;  but  the  headlines  and  conclusion 
featured  the  economies  of  the  situation,  and  the  conclusions  as  stated 
are  not  justified  by  the  data  submitted. 

So  far  as  my  reference  to  the  publishers  is  concerned,  I  did  not 
have  in  mind  one  particular  article  so  much  as  a  rather  general  prac¬ 
tice  of  featuring  modernization  programs,  so  often  presented  on  the 
basis  of  unsound  economics.  For  example,  a  single  recent  issue  of  a 
popular  journal  carried  three  such  articles,  two  of  which  implied  that 
the  isolated  generating  equipment  was  justified  by  the  joint  use  of 
steam  for  process  and  power,  while  the  third  indicated  that  the  saving 
in  operating  cost  would  pay  for  the  investment  in  a  few  years.  These 
opinions,  of  course,  are  factors  in  favor  of  isolated  generating  equip¬ 
ment,  but  they  are  not  prima  facie  evidence  that  the  expenditure  was 
justified,  though  the  reader  would  quite  naturally  draw  that  conclu¬ 
sion.  That  is  the  crux  of  my  criticism. 

I  thoroughly  agree  with  Mr.  Blake  that  in  determining  “years 
to  repay  cost,”  amortization  should  not  be  included  as  an  item  of  cost, 
though  taxes,  insurance,  and  interest  on  investment  during  the  time 
of  paying  off  should  be.  But,  as  I  have  already  indicated  (with 
reasons  given  in  this  paper),  I  disfavor  the  use  of  “years  to  pay,’’ 
because  that  datum  is  too  often  misused.  If  properly  applied,  it  will 
indicate  whether  a  certain  investment  is  an  attractive  one,  but  it  can 
not  be  used  for  the  relative  evaluation  of  alternatives.  It  is,  therefore, 
better  to  use  a  method  which  does  not  have  these  objections.  The 
method  which  I  favor  was  presented  before  the  American  Society  of 
Mechanical  Engineers  in  the  paper  already  referred  to,  and  it  has 
stood  the  gaff  of  critical  examination  by  engineers  who  are  proficient 
in  this  field  of  endeavor. 

W.  B.  Skinkle:*  Unfortunately  I  was  called  out  while  the 
paper  was  being  read  but  1  looked  it  over  a  little  before  coming  to 
this  meeting.  Mr.  Van  Deventer  calls  attention  to  the  fact  that  local 
conditions  very  frequently  control  what  is  done.  I  think  local  condi¬ 
tions  surrounding  each  development  probably  control  the  most  impor¬ 
tant  factors  entering  into  the  problem.  I  do  not  think  there  is  any 
subject  which  is  more  thoroughly  misunderstood  than  the  subject  of 
costs,  fixed  charges,  and  credits  as  between  the  products  of  the  same 
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company;  and  the  difference  between  actual  money  and  “book  values” 
placed  on  by-products  which  are  incidental  to  the  manufacturing 
process.  The  whole  thing  often  sums  up  into  a  very  confused  mass 
of  material.  Mr.  Van  Deventer  has  treated  a  very  important  subject 
in  a  very  enlightening  and  intelligent  way  and  I  hope  more  papers 
along  the  same  lines  will  be  presented  in  the  future. 

L.  J.  Lamberger:*  I  have  nothing  to  add  except  that  in  ana¬ 
lyzing  power  costs  for  industrial  concerns  we  have  difficulty  in  getting 
all  items  of  expense  included,  particularly  space  values  and  fixed 
charges. 

I  am  glad  that  the  matter  of  articles  appearing  in  technical  jour¬ 
nals  has  been  brought  up  because,  on  the  subject  of  power  costs,  we 
read  quite  a  number  of  articles  that  are  misleading.  I  heartily  agree 
with  Mr.  Van  Deventer's  recommendation  that  the  publisher  go  over 
these  articles  more  carefully  to  make  certain  that  the  article  does  not 
give  an  incorrect  impression.  I  should  think  that  publishers  would  be 
very  careful  about  this,  as  a  poor  or  incomplete  article  would  only 
be  a  reflection  on  the  quality  and  value  of  the  journal.  We  must  bear 
in  mind  that  hundreds  of  business  men  and  students  in  our  technical 
schools,  who  have  perhaps  not  had  enough  techincal  experience  to 
form  an  opinion  of  their  own,  read  these  articles  and  are  apt  to  be 
misled  if  the  article  is  not  complete  and  does  not  give  a  true  picture. 

W.  N.  Flanagan,  Chairman :  I  think  the  point  Mr.  Van 
Deventer  raised  is  well  taken.  On  the  other  hand,  I  have  noticed 
that  many  of  the  journals,  when  somebody  disagrees  and  writes  a 
letter  to  them,  will  publish  the  letter  and  give  it  prominence.  Often¬ 
times  the  letter  does  correct  previous  mistakes  and  very  often  arouses 
a  lot  of  interesting  discussion.  Most  of  the  modern  publications  are 
very  free  to  publish  criticisms  of  their  articles  if  the  criticisms  are 
properly  presented.  Such  criticisms,  if  followed  up,  lead  either  to  a 
correction  or  a  justification  of  the  original  article. 

There  is  going  to  be  room  for  considerable  argument  on  the 
amortization  of  some  of  the  isolated  plants,  judging  from  trade  publi¬ 
cation  advertisements  of  machinery  finance  companies  financing  new 
installations  in  power-houses  and  other  industrial  enterprises.  If 
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some  of  these  finance  companies  charge  the  same  rate  of  interest  that 
is  collected  in  automobile  financing  it  will  take  a  considerable  saving 
to  justify  the  installation.  Has  Mr.  Van  Deventer  ever  analyzed 
any  of  these  financing  charges? 

F.  M.  Van  Deventer:  I  have  not  had  an  opportunity  to  study 
a  representative  contract  of  the  type  used  by  the  machinery  financing 
companies,  but  I  have  analyzed  the  building  and  loan  plan.  The  two 
are  based  upon  the  same  general  principles.  In  the  building  and  loan 
plan  a  uniform  monthly  instalment  is  paid.  Out  of  this  instalment, 
interest  is  charged  on  the  unpaid  balance  during  the  preceding  month 
and  the  remainder  is  applied  on  the  principal.  In  this  way  the  debt 
will  be  paid  in  about  twelve  years.  If  interest  is  charged  at  six  per 
cent.,  the  total  amount  of  interest  will  be  about  40  per  cent,  of  the 
principal.  For  example,  if  $10,000  is  borrowed,  the  borrower  will 
pay  140  monthly  instalments  of  $100  each — a  total  of  $14,000,  of 
which  $10,000  is  the  principal  sum  and  $4000  is  interest  during  the 
period  of  paying  off.  Such  a  transaction  is  entirely  legitimate,  and 
equally  so  is  an  arrangement  whereby  an  equipment  manufacturer 
agrees  to  accept  payment  in  terms  of  a  monthly  instalment  equal  to 
the  amount  formerly  paid  to  a  utility  company  for  purchased  power. 

In  the  latter  case,  however,  the  purchase  price  is  usually  (and 
properly)  adjusted  so  that  the  financing  company  will  receive  proper 
interest  on  the  deferred  payments.  The  total  cost  is  thus  substan¬ 
tially  the  same  whether  the  financing  is  done  through  a  financing 
company  or  through  the  use  of  existing  funds,  or  otherwise. 

The  unfortunate  phase  of  both  of  these  propositions  is  that  they 
are  often  misunderstood,  partly  because  of  misrepresentation  on  the 
part  of  the  promoter.  For  example,  a  favorite  argument  of  realtors 
is  represented  by  the  following : 

“Mr.  Jones  is  paying  $100  a  month  rent  for  an  apartment  or  house. 
This  may  serve  him  well  as  a  home  in  which  to  live,  but  the  money  paid  for 
rent  is  ‘wTater  over  the  dam,’  and  even  after  a  period  of  years  there  is  no 
value  to  show  for  the  expenditure;  whereas,  if  Mr.  Jones  will  liquidate  some 
securities  which  he  owns  so  as  to  make  a  first  payment  of  $5000  on  a  nice 
new  home  in  Sunset  Hills,  and  then  apply  to  a  building  and  loan  plan  the 
$100  a  month  formerly  paid  for  rent,  he  will  then  be  his  own  landlord,  and 
will  own  his  home  outright  in  12  years,  having  paid  for  it  with  the  rent 
money." 
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The  realtor  fails  to  point  out  that  in  addition  to  the  $100  a 
month  to  the  building  and  loan,  Mr.  Jones  as  his  own  landlord,  must 
take  care  of  his  own  taxes,  insurance,  and  maintenance,  and  that  he 
will  sacrifice  the  dividends  formerly  received  on  the  securities.  An 
evaluation  of  these  items  on  the  basis  of  an  actual  case  shows  that 
during  the  12  years  Mr.  Jones  would  pay  the  building  and  loan 
company  $14,000  for  principal  and  interest.  He  would  also  pay 
$8500  for  taxes,  insurance,  and  maintenance,  and  the  $5000  worth  of 
securities,  if  they  had  not  been  disturbed,  would  have  been  worth 
$10,000  at  the  expiration  of  12  years,  taking  credit  only  for  accumu¬ 
lated  dividends  reinvested  annually.  Thus  the  total  capital  outlay 
for  144  months  would  be  $32,500  or  $226  a  month.  This  might  be  a 
considerable  burden,  especially  if  Mr.  Jones’s  income  was  closely 
budgeted  when  paying  $100  a  month  for  rent.  It  is  true  that  Mr. 
Jones  now  owns  his  own  home;  but,  if  it  be  valued  at  the  original 
cost  of  $15,000,  the  net  cost  for  housing  for  144  months  would  be 
$17,500,  or  $122  a  month.  This  figure  also  represents  almost  exactly 
the  monthly  cost  for  the  items  which  remain  even  after  completion  of 
the  time  of  paying  off.  I  do  not  claim  that  this  would  not  be  a  desir¬ 
able  thing  to  do,  but  the  true  statement  of  cost  is  entirely  different 
from  that  described  by  the  real-estate  agent. 

I  have  been  confronted  with  several  parallel  cases  in  the  power 
equipment  business  wherein  an  agent  proposes  that  the  customer  pay 
for  the  equipment  by  turning  over  to  the  financing  company  only  the 
amount  formerly  paid  for  utility  power,  so  that  ostensibly  he  will 
eventually  own  the  equipment  with  no  more  financial  burden  than 
when  purchasing  power.  But  the  contract  cost  of  a  machine  is  a  small 
part  of  the  installed  cost  including  real  estate,  buildings,  piping,  aux¬ 
iliary  apparatus,  etc.  When  these  and  the  increased  cost  of  isolated- 
plant  operation  are  evaluated,  it  is  sometimes  found  financially  desir¬ 
able  to  install  the  equipment  and  sometimes  not.  Other  factors  to  be 
considered  are  reliability,  the  flexibility  of  expansion,  the  possibility  of 
liquidation  upon  sale  of  the  factory,  the  trend  of  wholesale  electric 
rates,  and  the  effect  of  dull  business  periods  upon  costs.  The  cost 
statement  thus  represented  is  quite  different  from  that  presented  by 
the  equipment  salesman,  and  the  important  fact  is  that,  regardless  of 
the  method  of  financing  adopted,  the  cost  is  truly  determined  by  the 
method  outlined  in  the  paper,  giving  additional  consideration  to  the 
factors  enumerated  in  the  foregoing  paragraph. 
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W.  N.  Flanagan,  Chairman :  Undoubtedly  there  are  on  the 
road  100,000  automobiles  that  would  not  be  there  if  it  were  not 
for  the  financing  companies.  When  you  come  to  figure  interest, 
however,  you  are  rather  shocked.  What  I  had  in  mind  about  ma¬ 
chinery  financing  was  whether  it  has  been  developed  so  that  a  lower 
rate  of  interest  would  carry  the  business. 

A.  D.  Blake:  The  answer  to  the  automobile  question  is  that 
there  are  a  lot  of  automobiles  on  the  streets  to-day  that  would  never 
have  been  bought  if  it  had  not  been  for  these  financing  companies, 
and  the  owners  had  been  compelled  to  go  to  the  bank  to  borrow  the 
money. 

The  idea,  applied  to  plant  financing,  I  imagine,  is  more  costly 
than  borrowing  from  the  bank,  but  it  will  result  in  more  plants  being 
modernized;  for,  where  the  owners  have  to  borrow  the  money  from 
banks,  the  loans  sometimes  carry  strings  such  as  bank  representation 
on  the  board  of  directors  and  things  of  that  sort. 

H.  P.  Smith  :*  I  am  sure  that  many  of  us  have  had  experience 
with  fallacies  of  cost  analyses  and  consequently  Mr.  Van  Deventer’s 
paper  has  been  of  great  interest  to  us.  In  all  probability  certain  iso¬ 
lated  plants  are  still  operated  in  this  territory  because  reports  justi¬ 
fying  their  continued  operation  contain  fallacies. 

There  are  other  factors  which  affect  the  decision  as  to  the  aban¬ 
donment  of  isolated  plants  but  which  can  not  be  classed  as  fallacies, 
even  though  they  may  cause  a  plant  to  be  retained.  One  instance  that 
I  have  in  mind  is  a  gas-engine  plant  which  is  still  in  operation  after 
other  power-plants  of  the  same  corporation  have  been  abandoned. 
This  situation  was  puzzling  for  a  time  until  it  was  learned  that  the 
head  of  the  organization  had  himself  laid  out  the  plant  and  took  such 
pride  in  the  installation  that  he  did  not  care  to  see  it  replaced  by 
purchased  power. 

An  example  of  a  fallacy  of  cost  analysis  may  be  had  where  the 
monthly  costs  of  several  plants  belonging  to  the  same  organization 
are  closely  compared.  A  factory  generating  its  own  power  has  an 
unfair  advantage  over  one  purchasing  its  power,  if  the  fixed  charges 
of  the  isolated  plant  are  not  considered  as  part  of  the  cost  of  the 
power  generated.  This  sort  of  fallacy  may  cause  the  individual  re- 
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sponsible  for  low  monthly  unit-cost  figures  to  hold  to  the  isolated 
plant  even  though  the  total  cost  of  power  is  greater  than  the  cost  of 
purchased  power. 

F.  M.  Van  Deventer:  Was  the  gas-engine  plant  you  referred 
to  retired  about  the  year  1923? 

H.  P.  Smith:  No,  the  plant  is  still  operating. 

F.  M.  Van  Deventer:  It  is  a  peculiar  coincidence  that  the 
conditions  you  describe  are  identical  with  those  in  a  gas-engine  plant 
in  this  district,  which  I  analyzed  for  the  owners  in  1923  as  a  disin¬ 
terested  consultant.  This  plant  also  was  designed  by  the  president  of 
the  company  and  was  one  of  his  hobbies.  It  was  20  years  old,  and 
the  owner  steadfastly  refused  to  give  any  consideration  to  fixed 
charges  “because  the  plant  had  paid  for  itself.”  Therefore,  though 
such  a  consideration  was  and  is  contrary  to  my  judgment,  operating 
costs  only  were  compared  with  purchased  power. 

Purchased  power  was  recommended  on  the  basis  that  the  cost 
would  approximately  equal  the  operating  cost  of  the  isolated  plant 
under  existing  conditions,  but  that  substantial  savings  could  be  made 
through  a  reduction  of  the  demand  charge  by  making  certain  changes 
in  the  electrical  hook-up  and  installing  step  control  on  compressors 
and  hydraulic  pumps,  these  entailing  no  capital  outlay. 

During  the  first  six  months  on  purchased  power,  the  cost  per 
kilowatt-hour  was  more  than  one  per  cent,  lower  than  the  operating 
cost  with  the  gas-engines.  Then  the  recommended  operating  changes 
were  made  and  during  the  next  six  months  there  was  a  reduction  of 
30  per  cent,  in  cost  per  kilowatt-hour.  This  saving  could  not  have 
been  made  with  the  existing  isolated  plant,  even  by  altering  the  mode 
of  operation. 

This  is  mentioned  not  to  prove  that  all  gas-engine  plants  should 
be  abandoned,  but  to  show  that  a  true  determination  of  the  cost  of 
purchased  power  involves  more  than  the  application  of  published  rates 
to  existing  load  characteristics. 

J.  H.  Lawrence:*  I  was  very  much  interested  in  reading  Mr. 
Van  Deventer’s  paper  because  it  seems  to  me  it  is  a  severe  indictment 
of  the  engineering  profession,  and  I  think  we  deserve  it  because  there 
is  no  subject  on  which  engineers  are  more  ignorant  than  on  the  matter 


*President,  Thomas  E.  Murray,  Inc.,  New  York. 
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of  financing.  I  do  not  think  we  should  criticize  the  magazine  in  que>- 
tion  too  severely,  because  the  editors  print  what  is  common  language 
among  industrial  executives  and  engineers. 

If  you  will  go  to  almost  any  industrial  manager  and  ask  him 
what  return  he  expects  on  an  investment,  he  will  say  that  he  expects, 
say  33  1/3  per  cent.,  or  his  money  back  in  three  years;  or  25  percent., 
with  all  his  money  coming  back  in  four  years.  We  have  heard  this 
very  statement  many  times,  even  in  recent  years  and  from  executives 
of  some  of  the  largest  corporations  in  the  country.  As  a  matter  of 
fact,  they  do  not  get  their  money  back  in  three  or  four  years,  which¬ 
ever  may  be  the  case,  as  interest,  insurance,  and  taxes  must  be  de¬ 
ducted  from  the  gross  savings. 

As  Mr.  Van  Deventer  points  out,  we  should  at  least  endeavor 
to  have  engineers  present  the  facts,  and  not  publish  figures  which  are 
misleading. 

It  appears  to  me  that  the  plant  under  discussion  never  should 
have  been  built  if  the  estimated  savings  were  only  $50,000  a  year  on 
an  investment  of  $250,000.  This  shows  only  20  per  cent,  return  on 
the  money,  which  in  an  average  industrial  plant  is  not  sufficient  re¬ 
turn  on  an  investment.  There  are  some  industrial  concerns  which 
will  figure  a  lower  return  as  being  profitable,  but,  ordinarily,  20 
per  cent,  is  the  minimum. 

I  think  this  organization  could  accomplish  a  lot  by  calling  atten¬ 
tion  to  the  very  important  subject  of  fixed  charges.  We  figure  effi¬ 
ciency  and  savings  to  the  last  degree,  and  then  when  we  get  to  the 
item  of  fixed  charges,  we  use  a  factor  which  may  vary  from  10  to 
20  per  cent.  There  seems  to  be  very  little  knowledge  among  execu¬ 
tives  and  engineers  as  to  the  basis  of  this  item  of  fixed  charges,  and 
generally  a  percentage  figure  is  used  because  it  has  been  used  by  some 
one  else,  who  was  probably  also  ignorant  of  the  make-up  of  this  item. 

I  have  discussed  this  matter  with  auditors  of  large  utility  com¬ 
panies  and  could  obtain  very  little  information  from  them  as  to  the 
value  of  the  component  parts  of  fixed  charges. 

A.  Helkman:*  If  you  could  amortize  a  plant  by  including  in 
the  fixed  charges  during  the  life  of  the  plant  a  sinking  charge,  would 
you  want  to  accumulate  a  fund  during  the  economic  life  of  the  plant? 

*Superintendent  of  Power  and  Buildings,  Westinghouse  Electric  and  Manufacturing 
Co.,  East  Pittsburgh,  Pa. 
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J.  H.  Lawrence:  It  all  depends  on  how  long  you  want  to  take 
to  pay  it  off.  Most  industrial  concerns  do  not  want  to  take  many 
years  to  pay  off  the  cost  of  the  plant.  It  may  be  that  in  10  years  the 
plant  will  be  out  of  use.  There  is  a  limit  to  the  life  that  you  can 
expect  of  an  industrial  plant.  Consider  the  New  England  textile 
plants  at  the  present  time.  Most  of  them  are  shut  down. 

We  can  not  expect  plants  to  continue  in  business  forever.  Due 
to  change  in  models  or  changes  in  styles,  a  plant  will  sooner  or  later 
be  abandoned  unless  it  is  turned  over  to  some  other  use. 

Before  you  start,  you  must  estimate  on  a  certain  life  of  the  busi¬ 
ness,  or  your  calculations  do  not  mean  anything.  The  plant  and 
equipment  may  still  be  in  good  condition  at  the  end  of  the  expected 
period,  but  if  they  can  not  turn  out  salable  products,  what  good  is 
the  investment  ? 

At  the  end  of  the  period  you  have  your  money  back,  but  what 
have  you  of  value  in  your  plant?  The  plant  may  be  in  100  per  cent, 
condition  at  the  end  of  10  years,  or  it  may  not  be  good  for  anything. 
If  it  is  in  good  condition,  is  it  of  any  value  if  you  have  no  market 
for  the  product?  You  should  figure  a  definite  length  of  time  during 
which  your  investment  is  gradually  being  used  up,  and  assume  that 
at  the  end  of  that  time  it  will  not  be  of  any  value  to  your  company. 
You  have  to  make  some  such  assumption  in  order  to  figure  out  your 
expected  costs. 

W.  B.  Skinkle  :  Mr.  Lawrence  made  the  statement  that  it 
would  be  an  excellent  idea  for  the  engineers  to  begin  to  educate  their 
clients  in  financing.  Judging  from  some  of  the  reports  that  have 
come  to  my  notice  from  time  to  time  I  think  that  it  would  be  a  good 
idea  for  the  engineers  to  start  a  vigorous  campaign  to  educate  them¬ 
selves  in  finance. 

F.  M.  Van  Deventer:  In  closing  this  paper  I  would  like  to 
emphasize  the  relative  importance  of  one  of  the  component  items  of 
fixed  charges;  namely,  taxes.  A  recent  survey  has  shown  that  the 
average  utility  company  serving  large  metropolitan  centers  pays  more 
money  annually  for  taxes  alone  than  for  fuel.  Since  we  devote  so  much 
time  to  the  consideration  of  the  things  which  affect  the  cost  of  fuel, 
certainly  we  are  justified  in  stressing  the  importance  of  fixed  charges  as 
an  item  of  the  cost  of  power.  Of  course,  an  industrial  plant  does  not 
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spend  as  much  for  taxes  on  its  power  equipment  as  for  fuel.  A  large 
part  of  the  investment  in  a  utility  system  is  in  the  distribution  equip¬ 
ment.  For  example,  a  high-tension  line  about  twenty  miles  long 
serving  the  metropolitan  district  of  New  Jersey  passes  within  a  few 
miles  of  my  home.  The  average  cost  of  the  right  of  way,  exclusive 
of  towers  and  line  material,  was  $110,000  a  mile,  and  one  single 
mile  cost  $1,000,000. 

If  this  discussion  does  no  more  than  set  aright  a  single  industrial- 
plant  owner  who  might  otherwise  have  reached  an  erroneous  con¬ 
clusion  concerning  his  power  equipment,  I  believe  our  efforts  will 
have  been  well  spent. 


STEEL-PLANT  COSTS  FROM  THE  STANDPOINT 

OF  THE  AUDITOR* 

By  W.  H.  Dupka+ 

There  are  a  number  of  reasons  why  the  viewpoint  of  the  auditor 
with  respect  to  steel-plant  costs  must  of  necessity  be  different  from 
that  of  the  engineer.  There  should  not  be  any  serious  difference  of 
opinion  as  to  the  mechanics  of  cost  finding,  though  there  may  be  in  the 
manner  of  exhibit  or  display;  but,  when  there  is  a  thorough  under¬ 
standing  of  the  many  purposes  for  which  costs  are  made,  it  will  be 
readily  seen  why  all  of  the  views  of  the  engineering  profession  can  not 
be  fully  met  in  the  compilation  and  presentation  of  steel-plant  costs. 

At  this  point  it  might  be  appropriate  to  give  a  brief  description  of 
the  cost  report  of  a  steel  plant.  Such  a  cost  report  is  usually  divided 
into  two  sections — a  general  sheet  and  a  detailed  exhibit.  The  general 
sheet  indicates  the  materials  used  (shown  in  detail),  the  credit  for  the 
scrap  produced,  the  total  operating  labor,  total  of  repair  labor  and 
repair  materials,  and  then  the  so-called  running  expenses  such  as  tools, 
lubricants  and  supplies,  refractories,  water,  steam,  electric  power,  shop 
expense,  proportion  of  general  works  expense,  etc.  To  the  total  of  all 
of  the  above  is  sometimes  added  local  taxes  and  insurance,  the  final 
result  representing  the  grand  total  production  cost  of  the  output  of 
the  particular  unit.  The  cost  for  the  month  for  each  of  the  aforemen¬ 
tioned  items  is  shown  both  in  total  amount  and  in  cost  per  unit,  the 
cost  per  unit  also  being  given  for  each  item  for  the  year  to  the  first  of 
the  current  month  and  for  the  preceding  year.  The  general  cost-sheet 
would  also  show  the  units  produced  for  the  current  month,  for  the 
current  year  to  the  end  of  the  preceding  month,  and  for  the  previous 
year.  It  would  also  show  percentage  of  yield  of  finished  material, 
scrap  and  loss  for  the  same  period,  the  number  of  turns  worked,  the 
percentage  of  output  to  capacity,  the  previous  records,  both  as  to  cost 
and  production  and  any  other  pertinent  operating  data. 

The  detailed  exhibit  would  break  down  into  greater  detail  the 
items  of  productive  labor,  labor  for  repairs,  and  items  for  material 
and  running  expense,  the  extent  depending  upon  the  particular  unit 
involved  and  the  desire  of  the  mill  management. 

•Presented  October  28.  1929.  Received  for  publication  January  4,  1930. 

tController,  Jones  &  Laughlin  Steel  Corporation,  Pittsburgh. 
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One  of  the  most  important  functions  of  steel-plant  costs  (or  for 
that  matter  of  the  costs  of  any  industry)  is  the  valuation  of  inven¬ 
tories  of  products  and  other  assets  for  the  determination  of  balance- 
sheet  position.  Values  for  this  purpose  must  be  stated  conservatively 
and  must  not  include  profits  in  any  form,  such  as  interest  on  invest¬ 
ment,  or  other  carrying  charges.  The  use  of  costs  for  valuation  of 
balance-sheet  assets,  therefore,  precludes  the  possibility  of  meeting 
some  of  the  views  of  the  engineer  in  the  making  of  steel-plant  costs. 

Closely  correlated  with  the  first  function  of  costs  is  the  second 
use  which  we  of  the  accounting  profession  deem  just  as  important  as 
the  first — that  of  the  determination  of  profit  and  loss.  It  is  necessary 
that  the  progress  or  trend  of  a  business,  with  respect  to  profits  or 
losses,  be  determined  as  accurately  as  possible.  Without  proper  cost 
information  it  is  possible  that  incorrect  profits  may  be  reported  and, 
as  a  consequence,  dividends  may  be  improperly  declared,  creditors  or 
stockholders  may  be  wronged,  or  the  business  itself  wrecked.  Further¬ 
more,  from  the  standpoint  of  federal  income  tax,  it  is  of  course  a 
matter  of  importance  to  the  business,  as  well  as  to  the  government, 
that  the  profits  be  stated  as  accurately  as  possible  so  that  income  taxes 
may  be  properly  assessed  thereon. 

Another  function  of  costs  is  their  use  as  a  guide  in  establishing 
prices  by  the  sales  department.  A  great  deal  has  been  said  the  last  few 
years  concerning  the  sales  methods  used  in  the  marketing  of  steel 
products.  It  is  believed  that  if  all  steel  company  sales  departments 
were  adequately  equipped  with  pertinent  and  accurate  cost  informa¬ 
tion,  and  if  they  conducted  their  selling  policies  on  a  sound  economic 
basis  in  accordance  therewith,  the  industry  would  be  able  to  show  a 
more  adequate  return  on  the  money  invested  than  it  has  enjoyed  over 
the  past  few  years. 

Still  another  function  of  steel-plant  costs  is  their  use  as  a  measure 
of  the  efficiency  of  operations.  Here,  unless  the  cost-sheet  information 
is  properly  and  intelligently  used,  is  where  difficulty  will  be  encoun¬ 
tered.  For  example,  merely  because  the  cost-sheet  shows  that  the  cost 
of  a  particular  product  for  a  month  is  less  than  in  a  preceding  month, 
it  can  not  be  assumed  that  a  better  operation  was  experienced.  The 
exact  contrary  may  be  the  case.  The  data  on  the  cost-sheet  may  have 
to  be  analyzed,  we  admit,  but  because  that  is  necessary,  it  does  not 
follow  that  the  cost-sheet  as  made  up  does  not  serve  the  other  pur- 
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poses  for  which  it  was  designed.  The  foregoing  also  applies  when 
the  cost-sheet  information  including  carrying  costs  is  to  be  used  to 
determine  the  advisability  of  making  changes  in  physical  equipment 
or  for  the  purpose  of  ascertaining  to  what  extent  such  change  after 
it  has  been  made  has  benefited  the  operations. 

Referring  to  the  necessity  for  detailed  analysis  when  using  the 
monthly  cost-sheet  data  for  measuring  the  efficiency  of  operations,  or 
the  benefits  obtained  or  to  be  secured  from  plant  improvements,  this 
is  necessary  not  so  much  because  of  the  way  in  which  the  cost-sheet  is 
made,  as  because  of  the  factors  responsible  for  cost  variations,  some 
of  which  are  extremely  intangible  and  difficult  to  evaluate.  The 
efficiency  of  labor  is  one  of  those  factors  which,  as  we  all  know,  has 
been  responsible  for  wide  fluctuations  in  cost.  All  we  need  to  do  is  to 
compare  operating  costs  during  1917  and  1918  with  those  of  the  pres¬ 
ent;  or  operating  costs  immediately  preceding  and  after  the  installa¬ 
tion  of  a  bonus  system  where  it  is  applicable.  Varying  production 
yields  substantially  affect  production  costs.  Climatic  conditions  play 
an  important  part  in  steel-plant  costs;  the  effect  of  summer  or  winter 
temperatures  and  atmospheric  conditions  influences  both  output  and 
efficiency.  The  effect  of  a  drought  on  the  chemical  composition  of 
river  water  results  in  innumerable  difficulties  in  the  operation  of 
power-plant  and  other  steel-plant  units.  Fluctuating  prices  of  mate¬ 
rials,  not  only  of  those  used  in  the  manufacturing  processes,  but  of 
supplies  and  repair  parts,  influence  costs.  Changes  in  wage  rates  and 
freight  rates,  cost  of  waste  disposal,  varying  rates  of  operation,  all 
have  their  effect  on  costs.  Some  of  these  effects  can  be  easily  meas¬ 
ured  ;  others  with  extreme  difficulty,  if  at  all. 

It  will  thus  be  seen  that  monthly  cost-sheets  can  at  the  best  only 
point  out  the  trend,  and  for  a  more  intimate  view  of  conditions,  a 
detailed  analysis  is  necessary.  This  is  true  with  respect  to  a  compara¬ 
tively  simple  cost-sheet  for  a  boiler  house  or  electric  power-plant,  and 
much  more  so  with  respect  to  that  of  a  highly  finished  product,  such 
as  tin-plate,  wire,  tubular  goods,  or  cold-finished  steels. 

For  the  foregoing  reasons  the  cost-sheet  best  serves  its  purpose 
when  it  employs  figures  for  a  period  of  more  than  one  month.  The 
average  for  the  period  tends  to  round  out  the  peaks  and  valleys 
reflected  in  the  costs  of  an  individual  month,  and  the  possibility  of 
reaching  erroneous  conclusions  by  cost-sheet  comparisons  is  thereby 
largely  obviated. 
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A  cost-sheet  is  a  historical  document,  recording  faithfully  the 
basic  facts  that  have  transpired  during  the  period,  and  setting  forth  as 
correctly  as  it  is  possible  to  determine  them,  the  expenditures  incurred 
in  the  operation  of  a  particular  unit  or  in  the  production  of  a  certain 

lot  of  material.  All  of  the  pertinent  information  is  presented,  and  the 

% 

purpose  for  and  manner  in  which  it  is  used  largely  determine  the 
value  of  cost-sheet  data  to  the  administrative,  financial  or  mill  execu- 
tive  or  steel-works  engineer. 


STEEL-PLANT  OPERATING  BUDGETS* 

By  L.  C.  Edgar+ 


We,  the  people  of  the  L  nited  States,  are,  by  virtue  of  our  resi¬ 
dence  in  a  land  of  fertile  fields  and  enormous  material  resources,  most 
fortunate.  However,  these  selfsame  fertile  fields  and  enormous  mate¬ 
rial  resources  are  of  no  avail  unless  we  use  them  effectively  and  eco¬ 
nomically.  Our  present  so-called  high  standard  of  living  is  dependent 
upon  such  use,  and  it  is  the  engineer’s  responsibility  to  see  that  this  is 
achieved,  as  it  is  his  function  to  apply  physical,  chemical,  and  psycho¬ 
logical  science  and  mechanical  ingenuity  and  skill  to  the  furtherance 
of  the  effective  and  economical  use  of  our  natural  resources. 

The  productive  capacity  of  a  people  or  nation  is,  to  a  large 
extent,  the  measure  of  the  extent  to  which  they  enjoy  the  comforts 
and  luxuries  of  life.  The  increasing  of  this  productive  capacity  de¬ 
mands  that  waste  of  labor  and  material  be  eliminated,  for  of  what  use 
are  well-designed  plants  and  ingenious  machinery  if,  through  care¬ 
less  management,  labor  and  material  be  wasted. 

We  are  celebrating  the  “Golden  Jubilee"  of  the  electric  light, 
and  since  the  glow  of  that  first  lamp  we  have  absorbed  into  our 
national  life  many  things  that  have  increased  the  comfort  and  con¬ 
venience  of  living,  and  the  luxuries  of  yesterday  are  the  necessities 
of  to-day.  Since  that  day,  fifty  years  ago,  we  have  the  electric  light, 
the  telephone,  the  radio,  good  roads,  and  countless  other  things  that 
make  for  our  pleasure  and  convenience,  but  the  having  of  these  things 
places  an  increasing  demand  on  our  productive  capacity. 

Budgeting  is  a  method  of  controlling  waste  of  labor  and  mate¬ 
rials  so  that  economy  may  prevail  and  our  productive  capacity  be 
increased. 

Budgeting  as  a  principle  is  as  old  as  man,  for  the  primitive  man 
who  laid  aside  a  sack  of  seed  for  the  next  year’s  planting  was  bud¬ 
geting  his  future  requirements. 

Our  national  government  must  operate  on  a  budget  of  expendi¬ 
ture,  as  any  other  method  would  result  in  a  chaos  of  legislation  and 
executive  functions. 

’Presented  October  8,  1929.  Received  for  publication  January  4,  1930. 

tChief  Engineer,  Edgar  Thomson  Works,  Carnegie  Steel  Co.,  Braddock,  Pa. 
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The  well-regulated  business  of  to-day  budgets  its  productive 
operations  on  the  basis  of  carefully  made  sales  forecasts. 

With  this  background  of  successful  budgeting,  is  it  not  reason¬ 
able  that  uncertain  and  unreliable  standards  used  for  labor  and  mate¬ 
rial  control  in  a  steel-works  should  be  replaced  by  a  carefully  deter¬ 
mined  and  well  worked  out  budget  system  ? 

A  budget  of  labor  and  materials  in  a  steel-works  is  an  allotment 
of  man  hours  or  materials  that  is  considered  necessary  to  carry  on  the 
normal  functions  of  the  various  departments,  subdivided  in  such  a 
way  as  to  focus  individual  responsibility,  and  subject  to  change  to 
meet  varying  percentages  of  operation. 

There  are  three  main  divisions  to  the  work  of  establishing  and 
operating  of  a  steel-works  budget : 

1.  Determination  of  proper  budget  allowances. 

2.  Operation  of  budget  records. 

3.  Control  of  budget. 

1.  Determination *  of  Proper  Budget  Allowances.  As  proper 
budget  allowances  are  absolutely  essential  to  the  success  of  the  budget 
system  it  is  important  that  this  work  be  handled  by  capable  and  intel¬ 
ligent  men  who  have  sufficient  sympathy  and  human  understanding 
not  to  antagonize  those  with  whom  they  come  in  contact.  The  work 
should  preferably  be  under  the  supervision  of  a  responsible  executive 
not  in  an  operating  capacity,  but  who  has  as  thorough  a  knowledge  as 
possible  of  the  plant  and  its  operations. 

In  my  opinion  the  engineering  department  is,  or  ought  to  be,  a 
satisfactory  department  for  this  work,  in  which  case  the  chief  engineer 
and  the  general  superintendent  or  general  manager  should  be  the  only 
executives  authorized  to  approve  or  change  the  budget  allotments. 

The  first  step  in  the  setting  of  a  budget  is  to  establish  in  the 
minds  of  the  organization  a  favorable  attitude  towards  the  budget 
method  of  control.  A  good  way  to  do  this  is  by  departmental  meet¬ 
ings,  calling  together  the  department  superintendent,  assistants,  fore¬ 
men,  and  gang  leaders  and  pointing  out  to  them  the  advantages  of  a 
budget  system. 

You  can  not  commend  to  men  any  artificial  plan  for  making 
them  producers — any  scheme  for  driving  them  into  economy  of  pro- 
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duction — you  must  lead  them  through  self-interest.  It  is  this  alone 
that  will  keep  men  keyed  up  to  the  full  capacity  of  their  productive¬ 
ness.  Emphasis  should  be  laid  on  the  mutual  interest  of  the  men  and 
the  plant;  for  example,  unless  the  plant  is  able  to  produce  satisfac¬ 
tory  product  at  low  cost,  other  plants  will  get  the  business,  and  lack 
of  employment  will  result.  If  it  be  necessary  to  lay  off  some  men  in 
order  that  low  costs  may  prevail,  it  is  better  thus  than  that  the  entire 
plant  be  idle  and  the  greater  number  suffer  unemployment. 

It  should  be  pointed  out  to  the  men  that  a  budget  properly  set  is 
in  the  interests  of  a  fair  deal  to  them — that  a  foremen  who  is  endeav¬ 
oring  and  succeeding  in  making  an  improvement  in  his  operations 
has  the  assurance  of  a  measure  of  his  achievements.  Many  foremen 
and  superintendents  go  on  year  after  year  with  no  authentic  record 
of  the  improvements  they  have  made.  The  budget  provides  for  this 
record  of  achievement. 

This  method  of  dealing  man  to  man  and  the  placing  of  definite 
responsibilty  upon  the  men  will,  in  the  great  majority  of  instances, 
bring  results.  The  great  trouble  with  industrial  relations  is  that  in 
many  cases  a  vague  responsibility  for  uncertain  things  is  placed  upon 
men  to  the  mutual  dissatisfaction  of  both  men  and  employers.  Most 
men  are  proud  of  the  work  they  do,  and,  if  you  give  them  a  definite 
task  with  a  fair  index  or  measure  of  work  done,  you  will  get  a  favor¬ 
able  reaction.  At  the  plant  with  which  I  am  connected  both  the 
general  superintendent  and  the  chief  engineer  discussed  these  ques¬ 
tions  with  the  men  quite  frankly  and  at  some  length. 

The  next  step  in  the  setting  of  a  budget  is  the  allotment  of  the 
proper  number  of  man-hours  considered  necessary  to  carry  on  the 
normal  functions  of  the  departments,  subdivided  in  such  a  way  as  to 
fix  on  each  foreman  in  the  department  a  definite  responsibility  for  his 
operation. 

A  knowledge  of  past  performance  is,  of  course,  essential  and  an 
investigation  is  made  of  the  amount  of  labor  used  for  the  various  oper¬ 
ations  as  disclosed  by  past  records.  With  this  knowledge  at  hand,  a 
field  investigation  of  the  work  is  made  by  the  budget  men,  talking 
over  the  work  with  foremen  and  superintendents,  and  a  complete 
verbal  or  written  report  of  this  is  submitted  to  the  chief  engineer 
and  the  general  superintendent  for  their  suggestions.  In  the  course 
of  such  investigations,  many  improvements,  consolidations  of  duties, 
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and  economical  practices  are  established.  Thoroughness  in  this  work 
is  essential  if  satisfactory  budget  settings  are  to  be  attained. 

When  the  budget  allowances  are  finally  set  up,  the  various  fore¬ 
men  are  called  in  and  asked  to  agree  to  try  to  meet  the  budget  set 
or  say  why  they  think  the  allowances  can  not  be  met.  The  budget 
allowance  thus  becomes  a  co-operative  proposition,  because  it  is  estab¬ 
lished  bv  counsel  and  agreement. 

At  this  time,  it  should  be  pointed  out  to  the  foreman  or  super¬ 
intendent  that  he  should  do  everything  possible  to  equal  or  better  the 
allotment  of  hours,  and  thereby  reflect  credit  on  himself  and  his 
department.  This  he  may  do  by  more  careful  supervision,  new  ways 
of  doing  things,  changes  in  equipment  to  avoid  the  necessity  of  undue 
repair,  etc.  This  has  been  done  by  a  great  many  of  our  foremen  and 
they,  one  and  all,  have  contributed  something  to  the  advantage  of  the 
plant  and  the  company,  and  the  aggregate  advantage  has  built  up  an 
astounding  total  of  betterment. 

2.  Operation  of  Budget  Records.  Having  established  proper 
allotments,  the  second  item  is  to  compile  and  submit  the  proper 
records  of  the  operation  as  shown  relative  to  the  budget. 

This  operation  is,  of  course,  a  matter  for  the  accountants,  and 
the  forms  and  methods  of  handling  were  worked  out  with  them. 
Our  objective  was  that  each  day  every  foreman  could  be  kept 
informed  as  to  his  standing  relative  to  the  budget,  and  that  each  week 
a  summary  of  all  the  plant  operations  be  submitted  to  the  general 
superintendent  for  his  consideration  and  for  further  discussion  at 
weekly  meetings  of  department  superintendents. 

By  utilizing  existing  time  records  and  dovetailing  our  budget 
records  into  these,  we  were  able  to  do  this  with  a  comparatively  small 
amount  of  extra  clerical  help.  Each  department  is  thus  kept  informed 
of  its  operating  labor  as  it  occurs,  and  no  post-mortems  of  labor  cost 
are  necessary. 

3.  Control  of  Budget.  The  control  of  changes  in  budget  set¬ 
tings  remains  with  the  chief  engineer  and  the  general  superintend¬ 
ent,  and  a  careful  investigation  is  always  made  before  any  changes  are 
accepted.  The  allowances  are,  of  course,  varied  to  meet  fluctuations 
in  operation. 


1 930  I 


EDGAR — STEEL-PLANT  OPERATING  BUDGETS 


43 


This  method  of  labor  control  can  he  beneficial  only  if  adminis¬ 
tered  with  care  and  thoroughness.  If  so  administered,  it  will  foster 
co-operation  and  counsel  and  will  make  each  man  realize  his  duty  to 
his  employer  and  himself.  It  will  give  him  a  new  sense  of  fair 
dealing  and  will  increase  his  loyalty  and  stimulate  his  effort. 

In  an  organization  where  sympathetic  understanding  exists  be¬ 
tween  management  and  men,  much  can  be  achieved  if  proper  guides 
and  measures  of  achievements  are  provided ;  but,  without  such  under¬ 
standing,  results  from  a  budget  system  (or  any  other  results)  are 
difficult,  if  not  impossible,  of  attainment.  The  first  thing,  therefore, 
is  to  get  close  enough  to  the  men  to  obtain  and  hold  their  co-opera¬ 
tion  and  assistance. 

A  man  who  is  earnestly  striving  to  satisfy  his  employer  will,  at 
once,  under  a  budget  system,  begin  to  think  of  ways  and  means  of 
equaling  or  improving  the  budget  set  for  him  or  his  department.  This 
he  can  do  in  several  ways.  He  may  plan  his  work  more  intelligently, 
and  thereby  accomplish  more  work  with  the  expenditure  of  the  same 
number  of  man-hours;  or  he  may  be  able  to  suggest  or  point  out 
some  weakness  in  equipment  that  can  be  remedied  ;  or  he  may  make 
some  constructive  suggestion  as  to  new  and  improved  machinery  or 
methods  to  reduce  the  man-power  required. 

This  plan  will  promote  better  conditions  throughout  the  plant 
because  of  better  discipline  and  more  orderly  ways  of  doing  things. 
It  will  bring  about  better  maintenance  conditions  because  of  better 
and  more  intelligent  supervision. 

In  connection  with  the  operation  of  the  budget,  emphasis  has 
also  been  placed  on  the  fact  that  machinery  and  equipment  must  be 
adequately  maintained,  and  that  the  plant  must  at  all  times  he  kept  in 
good  physical  condition. 

Our  experience  has  been  that  the  budget  has  had  a  tendency 
towards  better  conditions  of  repair  and  maintenance.  This  fact  is 
very  simply  explained,  because  when  foremen  and  superintendents  are 
operating  under  a  budget  system,  they  must  of  necessity  pay  more 
attention  to  the  jobs  at  hand  in  order  to  meet  the  budget.  Superin¬ 
tendents  and  foremen  must,  when  operating  under  a  budget  system, 
investigate  jobs  more  thoroughly  before  doing  them,  assign  the  correct 
number  of  men  to  the  jobs,  and  prescribe  the  way  in  which  the  work 
should  be  done.  Consequently,  many  jobs  that  would  ordinarily  be 
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left  to  the  judgment  of  the  sub-foremen  and  gang  leaders  are,  with  a 
budget  system,  under  more  competent  and  careful  supervision,  with 
the  result  that  they  are  done  better  as  well  as  more  cheaply.  Further¬ 
more,  many  improvements  are  suggested,  due  to  this  supervision,  that 
would  not  be  suggested  without  it. 

Another  outstanding  advantage  of  the  budget  system  is  that  it 
relieves  the  superintendent  of  a  department  of  routine  duties  and 
permits  him  to  devote  more  of  his  time  to  improving  his  department. 
In  this  age  of  intense  competition  in  the  steel  business  this  is  no  mean 
advantage. 

A  budget  system  will  foster  engineering  progress  because  of  a 
better  knowledge  of  conditions  by  the  chief  engineer  and  all  other 
executives  of  the  plant. 

The  attitude  of  the  chief  executive  of  a  plant  to  the  budget,  and 
the  degree  to  which  he  assumes  the  responsibility  for  the  preparation 
and  administration,  very  largely  determine  the  results  to  be  obtained 
by  the  use  of  a  budget  system. 

I  feel  that  such  a  system  of  controlling  labor  and  material  is 
based  on  sound  principles  of  efficient  management  and,  if  wisely  and 
conscientiously  administered,  and  worked  out  to  meet  the  specific 
requirements,  may  be  of  substantial  benefit  to  any  plant. 


DISCUSSION 

B.  R.  Shover,  Chairman  :*  Mr.  Edgar’s  suggestions  might 
mean  either  more  or  less  work  for  the  engineer.  The  problem  is  one 
very  largely  of  psychology,  because  no  matter  how  well  a  system  of 
that  kind  is  worked  out,  if  the  human  element  is  not  given  full  con¬ 
sideration  it  is  bound  to  fail.  Budgeting  is  an  adjunct  to  cost  account¬ 
ing,  and  Mr.  Edgar’s  excellent  paper  on  the  subject  should  bring  out 
a  number  of  ideas  at  this  meeting. 

W.  A.  Drylie:+  I  happen  to  be  one  of  the  operators  who  come 
under  the  speaker’s  jurisdiction.  He  said  come  in  and  talk  it  over. 
Now  that  sounds  very  nice;  but  it  remains  with  the  chief  engineer 
and  general  superintendent  to  change  the  budget.  Your  whole  effort 

’Consulting  Engineer,  Pittsburgh. 

tSuperintendent  Steam  Department,  Edgar  Thomson  Works,  Carnegie  Steel  Co., 
Braddock,  Pa. 
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is  to  convince  them  that  it  requires  more  labor  to  carry  on  your  part 
of  the  operation.  It  is  really  a  good  thing,  because  usually  you  get  a 
number  of  suggestions  from  the  engineering  department  that  help  the 
operator  to  do  the  work  in  the  number  of  hours  allowed.  When  it 
started  we  did  not  think  it  possible  to  meet  the  budget.  The  men 
under  me  were  of  the  same  opinion  and  asked  me  to  take  it  up  with 
the  chief  engineer.  We  would  take  it  up  and  in  99  cases  out  of  100 
we  would  come  back  with  some  better  method  of  doing  the  work 
and  probably  in  fewer  hours  than  they  had  allowed  in  the  first  place. 
Mr.  Edgar  says  it  requires  a  lot  of  work  by  the  head  of  the  depart¬ 
ment  and  his  assistants.  I  fully  agree  with  him,  but  in  the  end  it  is  a 
lot  easier,  because  you  get  the  co-operation  of  the  whole  engineering 
department  if  necessary. 

B.  R.  Shover,  Chairman :  In  other  words,  one  of  the  effects  of 
this  budget  system  is  better  co-operation.  Team-work  is  an  essential 
thing,  whether  in  football,  baseball,  or  steel-plant  operation,  and  if 
the  budget  system  does  not  do  anything  more  than  to  result  in  better 
team-work,  it  has  certainly  fulfilled  one  function.  Further  remarks 
along  this  line  would  be  welcome. 

G.  E.  Dignan  :*  Are  department  productions  as  well  as  main¬ 
tenance  handled  in  the  same  way? 

L.  C.  Edgar:  As  a  matter  of  fact,  we  do  not  budget  mills  in 
that  particular  way.  In  labor  in  regard  to  material  the  labor  is 
usually  budgeted  on  the  basis  of  turns.  In  other  words,  it  would  take 
a  certain  number  of  men  to  perform  a  certain  function  in  a  mill — a 
certain  number  of  rollers,  a  certain  number  of  rail  straighteners,  and 
so  on  for  the  various  operations  of  the  mill. 

We  will  assume  that  the  mill  is  operating  approximately  at 
capacity,  at  least  within  the  specified  limits.  When  it  is  operating,  it 
is  building  up  certain  requirements  for  repairs  and  it  has  certain 
requirements  for  productive  labor.  The  numbers  of  hours  for  these 
particular  duties  are  allowed  on  the  basis  of  turns.  In  the  blast¬ 
furnace  it  is  on  the  basis  of  the  number  of  furnaces  in  operation.  In 
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cases  where  you  have  several  furnaces,  one  of  them,  by  virtue  of  its 
arrangement  or  design,  may  require  more  men.  Naturally  the  allot¬ 
ment  of  men  to  that  fu ranee  is  different  from  that  with  some  other 
furnace;  and  the  allotment  of  men  under  a  certain  product  may  be 
greater  than  with  other  products  from  the  same  mill.  We  have  a  mill 
on  sheet  bar  for  a  few  turns,  and  it  may  go  over  to  rolling  rails  for  a 
turn  or  two.  The  allotment  of  men  on  sheet  bar  is  very  much  less 
than  the  allotment  of  men  on  rails.  Under  the  old  system,  under 
many  circumstances  it  was  very  difficult  for  us  to  see  to  it  that  when 
they  went  from  rails  to  sheet  bar  for  a  turn  or  two  they  cut  the  labor 
off  completely.  It  was  always  the  case  that  there  was  a  tendency  to 
leave  an  extra  man  here  and  an  extra  man  there  and  it  would  build 
up  an  accumulation  of  hours  more  than  was  necessary.  Under  the  bud¬ 
geting  system  the  allotment  of  hours  is  cut  off  when  they  turn  over  to 
sheet  bars  and  the  men  must  be  cut  off  or  we  will  exceed  the  budget. 

The  same  is  true  in  shops.  The  tendency  is  to  have  shops  run¬ 
ning  and  with  all  the  mills  going  you  can  cut  them  to  a  reasonable 
volume;  but  when  one  mill  goes  off,  the  cutting  down  to  the  correct 
proportion  is  not  easy.  Under  the  budget  system,  when  a  mill  goes 
down,  the  number  of  men  on  repairs  must  be  reduced. 

In  the  blast-furnaces,  labor  and  materials  have  been  largely 
set  on  the  basis  of  turns.  There  may  be  some  other  basis  in  different 
mills.  In  our  case  we  thought  turns  was  the  best  measure.  Turns  for 
different  products  are  different.  The  gangs  differ  in  number  of  men, 
and  with  various  mills  on  different  products  the  allowance  of  hours 
is  based  on  the  particular  service,  and  in  the  case  of  repairs  they 
follow  the  same  rule.  We  naturally  do  not  have  to  maintain  men  in 
our  shops  to  repair  rail-handling  cranes  and  machinery  when  we  are 
rolling  nothing  but  sheet  bars,  and  therefore  these  repair  gangs  should 
be  cut  off.  Without  the  budget,  it  is  rather  difficult  to  determine 
accurately  what  men  should  be  laid  off,  and  when. 

H.  L.  Parlette:*  Does  not  this  laying  off  of  labor  at  more  or 
less  irregular  intervals  result  in  a  strained  condition  between  the  em¬ 
ployer  and  employee?  Does  not  the  assignment  of  a  given  amount  of 
work  to  be  done  in  a  given  period  of  time  cause  an  attitude  of  resent¬ 
ment  or  antagonism  on  the  part  of  the  employee?  If  such  is  the  case, 

^Engineer,  West  Penn  Power  Co.,  Pittsburgh. 


11)30] 


DISCUSSION — STEEL-l’LANT  OPERATING  BUDCET9 


47 


what  are  Air.  Edgar’s  thoughts  on  a  system  of  co-operative  man¬ 
agement  ? 

In  speaking  of  co-operative  management  I  have  in  mind  a  plan 
similiar  to  that  employed  by  Air.  Alitten  in  his  management  of  the 
Philadelphia  Rapid  Transit  Company.  Prior  to  about  1910  or  1912, 
when  Air.  Alitten  took  over  the  operation  of  this  company,  it  was  a 
rather  difficult  task  to  find  a  time  when  some  part  of  the  system  was 
not  experiencing  labor  troubles.  Inasmuch  as  this  plan  has  satisfac¬ 
torily  corrected  a  very  ugly  condition  in  the  example  just  cited,  I  was 
curious  to  know  what  Air.  Edgar’s  reaction  would  be  to  its  applica¬ 
tion  in  this  instance. 

B.  R.  Shover,  Chairman :  Air.  Edgar’s  plan  certainly  works  for 
co-operation  because  it  involves  practically  all  of  the  men  interested. 
Alaybe  he  can  tell  us  whether  they  have  had  any  trouble  on  account 
of  resentment  on  the  part  of  the  employees. 

L.  C.  Edgar:  I  rather  think  this  is  as  truly  co-operative  as  we 
can  make  it.  The  bringing  in  of  foremen  all  down  the  line  (I  do  not 
mean  superintendents — I  mean  foremen  of  gangs)  to  talk  things  over 
with  the  heads  and  superintendents  and  agree  upon  a  definite  allot¬ 
ment  of  hours  is  genuine  co-operation  if  I  know  what  the  word 
means.  Of  course  I  know  much  might  be  said  to  me  that  could  not 
be  said  to  others  in  connection  with  the  company,  but  the  general 
consensus  of  opinion  of  our  foremen  is  that  they  would  rather  work 
under  a  budget  than  with  the  old  system.  They  feel  that  they  arc 
getting  a  fair  deal.  There  has  occasionally  been  dissatisfaction  with 
the  allotment,  yet  patience  and  discussion  and  helpfulness  will 
straighten  things  out,  and  we  have  in  some  cases  raised  the  allot¬ 
ments,  though  somewhat  reluctant  to  do  so  except  for  the  possibility 
of  improving  the  operation. 

J.  F.  Barnes:*  1  should  like  to  ask  whether  this  budget  re¬ 
places,  and  does  entirely  away  with,  the  older  and  more  common 
dollars-and-cents  system,  or  whether  you  maintain  the  dollars-and- 
cents  budget  system  in  addition  for  general  control  of  departmental 
operations. 

^Mechanical  Engineer,  Eljer  Co.,  Ford  City,  Pa. 
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L.  C.  Edgar:  We  do  not  allot  our  labor  on  the  dollars-and- 
cents  basis  at  all.  This  is  a  problem  for  foremen  and  gang  leaders  all 
the  way  down  the  line.  It  seems  to  me  that  foremen  of  gangs  can 
understand  figures  a  lot  better  when  you  talk  about  hours.  Of  course 
we  do  interpolate  the  dollars  and  cents  of  costs  to  a  certain  extent. 
It  is  very  easy  to  get  costs.  We  get  our  costs  weekly  in  some  depart¬ 
ments.  We  can  forecast  our  costs  in  the  blast-furnace  to  a  fraction 
of  a  cent.  We  know  some  months  how  much  our  costs  have  been 
by  interpolating  the  number  of  labor  hours;  and  thus  money  natur¬ 
ally  is  always  available.  When  you  have  the  record  of  hours  worked, 
all  you  have  to  know  is  the  tonnage,  and  by  checking  the  budget  you 
know  whether  or  not  they  are  going  to  make  the  budget  this  month. 

B.  R.  S hover,  Chairman :  One  advantage  of  Mr.  Edgar’s 
method  of  budgeting  hours  is  that  the  records  are  available  for  com¬ 
parison,  regardless  of  rate  changes.  It  ought  not  to  make  very  much 
difference  whether  labor  is  40  or  50  cents  an  hour  as  far  as  the  num¬ 
ber  of  men  required  is  concerned ;  but  if  it  is  budgeted  on  the  basis  of 
dollars  and  cents,  rate  changes  will  have  to  be  taken  into  consideration 
to  determine  whether  the  number  of  men  has  been  decreased  or 
increased. 

I  should  like  to  ask  Mr.  Edgar  what  effect  this  budget  system 
has  on  labor  turnover.  He  says  that  when  a  mill  rolling  rails  goes  on 
to  sheet  bars  they  lay  off  a  number  of  operators  in  the  mill.  They 
also  lay  off  a  number  of  repair  men  in  the  shops  because  they  do  not 
need  to  tend  to  the  rail-handling  equipment.  Labor  turnover  is  a 
very  expensive  item,  and  if  an  arrangement  of  this  kind  does  not  give 
a  man  enough  employment  he  is  going  to  seek  employment  some  place 
else  and  you  have  to  put  a  new  man  on  in  his  place.  Have  you  met 
with  anything  of  that  kind  in  your  experience? 

L.  C.  Edgar:  That  is  a  question.  Our  labor  turnover  is  very 
much  less  than  it  ever  was  before.  My  opinion,  based  on  some  experi¬ 
ence,  is  that  you  do  not  decrease  your  labor  turnover  by  keeping  men 
on  when  they  are  not  needed.  There  is  a  sound  psychological  basis 
for  that.  Suppose  there  are  two  men  on  a  job  where  one  man  is 
needed.  They  are  being  kept  there  because  we  feel  that  there  ought 
to  be  plenty  of  men  around  and  the  operation  would  suffer  if  we  did 
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not  have  enough  men  around  for  this  or  that  or  the  other  thing.  (It 
is  a  good  bit  of  an  old-school  idea  in  steel-works  management,  that 
the  main  thing  is  to  have  many  men  around  to  do  what  is  necessary 
when  things  occur  that  are  unusual,  such  as  accidents.)  If  you  lay 
oft  one  of  those  fellows  and  say  to  the  other  fellow,  we  are  keeping 
you  on  this  job  because  you  can  do  it,  he  is  proud  of  his  work,  he  has 
more  respect  for  his  job,  and  he  is  going  to  see  to  it  that  he  holds 
that  job. 

It  seems  to  me  that  this  is  one  of  the  psychological  features  of 
this  thing.  We  can’t  respect  a  job  that  is  not  a  job.  We  have  to  have 
a  real  job  or  we  do  not  have  any  respect  for  it.  Making  men  feel  that 
they  are  responsible,  and  that  they  are  working  for  themselves,  has  a 
tendency  to  make  them  feel  closer  to  their  jobs.  Whether  that  be  true 
or  not,  the  fact  remains  that  whereas  we  did  have  considerable  turn¬ 
over,  we  no  longer  have. 

W.  A.  Drylie:  The  labor  turnover  has  been  less  since  the  bud¬ 
get  has  been  installed.  Of  150  men  employed  in  the  steam  depart¬ 
ment,  the  labor  turnover  was  about  eight  men  for  the  year.  The  men 
know  there  are  only  enough  men  on  duty  each  shift  to  carry  on  the 
operation  and  they  notify  the  foreman  in  advance  if  they  are  going 
to  be  absent. 
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RECENT  DEVELOPMENTS  IN  BRIDGE 
SUPERSTRUCTURES* 

By  John  Lyle  Harrington! 

Every  effect  has  its  cause;  so  every  development  in  engineering  is 
made  to  meet  a  new  condition  or  to  cope  more  satisfactorily  with  an 
old  one.  First  the  problem,  then  the  solution ;  ffrst  the  need,  then 
the  means  to  satisfy  it.  It  is  in  order,  therefore,  to  look  over  the  con¬ 
ditions  and  the  advances  in  knowledge  which  have  given  rise  to  the 
recent  developments  in  bridge  design.  Probably  it  is  well  to  define 
the  term  ‘‘recent.’’  There  has  been  no  startling  epoch-making  dis¬ 
covery,  no  flash  of  genius  to  fix  a  starting  point.  The  advance  has 
been  rather  by  small  increments  and  easy  stages,  with  but  one  cause 
of  outstanding  importance — the  rapid  development  of  the  motor 
vehicle — yet,  on  the  whole,  the  conditions  which  govern  bridge  design 
to-day  differ  greatly  from  those  obtaining  at  the  beginning  of  the 
century,  hence  for  present  purposes  we  shall  consider  the  changes  of 
the  last  three  decades. 

Bridges  have  been  and  are  required  for  three  kinds  of  traffic — 
railway,  street  railway,  and  highway — or  combinations  of  these.  The 
standard  railway  has  grown  steadily  throughout  the  century;  the 
street  railway  has  waxed  and  materially  waned  in  importance  within 
a  little  less  than  half  a  century;  while  the  highway  motor  vehicle, 
to-day  the  most  important  of  all,  and  growing  more  so,  is  a  thing  of 
a  scant  quarter  of  a  century.  Many  times  the  wise  ones  have  said 
the  railway  had  reached  its  maximum  development,  but,  though  its 
mileage  now  increases  slowly,  its  growth  is  unabated  in  size  and 
weight  of  mechanical  units  and  in  economic  importance.  The  electric 
railway  promises  to  retain  a  material  place  in  urban  transportation, 
but  it  is  a  dying  element  in  long-distance  service.  The  motor-bus 
and  the  private  motor-car  are  steadily  encroaching  upon  the  pas¬ 
senger  traffic  of  both  the  older  methods  of  transportation,  and  at  the 
same  time  have  developed  a  large  traffic  that  except  for  them  would 
not  exist. 

The  gage  of  the  standard  railway  was  probably  ample  for  the 
speeds  and  weights  of  train  in  use  when  it  was  adopted,  but  the  pro- 
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hibitive  cost  of  making  it  precludes  change  to  a  gage  better  suited  to 
the  present  conditions;  and  the  extravagant  cost  of  increasing  clear¬ 
ances  of  tunnels  and  bridges  has  restricted  growth  in  height  and  width 
of  rolling-stock. 

\  et,  by  skilful  design,  the  weight  and  power  of  locomotives  have 
been  steadily  increased.  In  1895,  Johnson  in  “Framed  Structures”* 
states  that  “it  is  highly  probable  that  the  loads  now  generally  assumed 
wi  11  never  be  materially  too  small  for  the  actual  traffic,”  and  uses 
Cooper’s  class  “Extra  Heavy  A,”  which  has  30,000  pounds  on  an 
axle;  yet  to-day  50,000  pounds  is  considered  light,  60,000  pounds  is 
in  general  use,  and  70,000  pounds  is  not  uncommon.  This  growth 
in  weight  has  rendered  nineteenth  century  structures  obsolete  and 
compelled  replacement  of  most  of  them. 

Highway  loadings  have  increased  even  more.  The  weight  of  the 
farm  wagon,  load,  and  team  of  the  rural  districts  rarely  exceeds  three 
tons  in  the  length  of  20  feet;  the  heavy  city  truck,  load,  and  team 
rarely  weigh  more  than  five  tons ;  but  on  both  city  and  country  roads 
to-day  loads  are  limited  only  by  legal  restrictions.  The  15-ton  truck 
with  12  tons  on  the  rear  axle  is  permitted  and  provided  for  almost 
universally,  and  a  number  of  states  provide  for  20-ton  trucks  with  16 
tons  on  the  rear  axle.  No  doubt  still  heavier  loads  would  be  in  fre¬ 
quent  use  but  for  the  legal  limits.  These  loads  are  more  severe  on 
floor  systems  than  any  but  the  heaviest  electric  cars  and,  since  stand¬ 
ard  specifications  provide  for  trucks  in  pairs  with  heavy  uniform  loads 
preceding  and  following  in  each  traffic  lane,  to  which  impact  loads  are 
added,  highway  rather  than  electric-railway  loadings  now  determine 
the  weight  of  city  structures.  The  dead  loads,  too,  have  been  materially 
increased  by  the  substitution  of  concrete  slab  floors  supporting  paving, 
for  the  light,  treated  or  untreated,  timber  floors  of  former  days. 

Density  of  traffic  has  enormously  increased.  Formerly  cities  had 
approximately  one  light,  horse-drawn  vehicle  for  each  100  inhab¬ 
itants,  and  trucks  were  restricted  to  the  wholesale  and  manufacturing 
districts.  The  average  distance  each  vehicle  traveled  did  not  exceed 
10  miles  a  day.  At  present  the  country  has  more  than  26,000,000 
motor  vehicles,  more  than  one  for  every  five  people,  and  they  probably 
travel  an  average  of  fifty  miles  a  day,  thus  probably  increasing  the 
density  of  traffic  one  hundred  fold.  The  traffic  on  the  Mississippi 

^Theory  and  Practice  of  Modern  Framed  Structures,  by  J.  B.  Johnson,  C.  W. 
Bryan,  and  F.  E.  Turneaure.  Ed.  4,  1895,  p.  101. 
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River  bridge  between  Rock  Island  and  Davenport  tra\els  in  two 
lanes,  but  exceeds  an  average  of  20,000  vehicles  a  day.  Trucks  con¬ 
stitute  about  one-eighth  of  the  motor  vehicles.  They  are  not  confined 
to  limited  districts,  but  compete  with  railways  for  long-distance  traffic 
in  commodities  which  take  high  rates  and  require  costly  packing  for 
rail  shipment.  The  buses  are  taking  the  coach  passengers,  even  across 
the  continent,  and  the  private  car  is  carrying  heavy  traffic  that  for¬ 
merly  used  the  railways. 

The  development  and  use  of  the  motor  vehicle  created  the  de¬ 
mand  for  improved  roads  and  provided  the  money  to  build  them,  for 
the  license  tax  and  the  gasoline  tax  and  the  bonds  issued  in  anticipa¬ 
tion  of  them  have  provided  nearly  all  the  funds  used  to  build  roads. 
Even  the  federal  aid  funds  have  been  largely  augmented  by  the  sales 
taxes  on  new  motor-cars. 

The  building  of  roads  necessarily  involved  building  bridges,  for  a 
highway  bridge  is  but  a  special  means  of  supporting  a  pavement. 
Expediency  required  that  available  funds  be  spent  to  obtain  the  larg¬ 
est  possible  mileage  of  roads,  leaving  many  of  the  larger  bridges  to  be 
provided  by  public  or  private  security  issues  and  paid  for  through 
tolls.  The  difficulties  involved  in  securing  common  action  on  the  part 
of  two  states  or  communities  caused  most  of  the  interstate  structures 
to  be  left  for  private  capital  to  build,  with  notable  exceptions  at  Phil¬ 
adelphia,  at  Portland,  Ore.,  and  between  New  York  and  New  Jersey. 

The  greatly  increased  volume  of  traffic  caused  ferries  to  multiply 
rapidly,  but  ferries  at  best  are  a  makeshift,  always  involving  some  loss 
of  time;  they  are  wholly  insufficient  on  holidays  and  on  special  occa¬ 
sions,  and  often  out  of  service  for  repairs,  or  because  of  high  water, 
ice  or  drift.  Bridges  have  replaced  them  where  public  interest  was 
sufficient  to  provide  the  funds  or  where  the  traffic,  present  or  pros¬ 
pective,  encouraged  the  building  of  toll-bridges  by  private  capital. 
To  illustrate,  between  Kansas  City  and  the  mouth  of  the  Missouri 
River,  about  400  miles,  there  were  until  recently  but  two  highway 
bridges.  Now  there  are  nine.  There  was  no  crossing  between  Selma. 
Ala.,  and  the  sea  (150  miles)  before  the  construction  of  the  Mobile 
Bay  bridge.  Between  St.  Louis  and  the  sea  there  was  no  highway 
crossing  until  comparatively  recently  when  roadways  were  attached 
to  the  Harahan  bridge  at  Memphis;  now  there  are  two  highway 
bridges  in  service  and  a  combined  highway  and  railway  bridge  under 
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construction  at  Vicksburg,  Miss.  T .  he  Ohio  River  was  crossed  by  one 
combined  bridge  between  Cincinnati  and  its  mouth.  Now  it  has  three 
highway  bridges  in  that  stretch  and  a  score  of  new  ones  between  Cin¬ 
cinnati  and  Pittsburgh.  More  great  highway  bridges  have  been  built 
since  the  automobile  became  an  important  element  of  highway  traffic 
than  in  all  previous  time. 

Great  public  enthusiasm  for  the  use  of  inland  waterways  devel¬ 
oped  almost  contemporaneously  with  the  motor  vehicle,  hence  the 
demand  for  bridges  encountered  an  unprecedented  demand  for  larger 
clearances  for  the  passage  of  boats.  The  development  of  the  vertical 
lift  bridge  made  greater  openings  economically  practicable  and  the 
advance  in  knowledge  of  alloys  and  of  heat-treated  steels  made  long 
spans  feasible,  while  the  great  development  in  traffic,  and  the  fact 
that  traffic  paid  for  the  structures,  warranted  the  large  expenditures 
involved  by  larger  openings.  From  ancient  times,  when  water-borne 
traffic  was  vastly  more  important  than  land  traffic,  the  laws  have  been 
most  favorable  to  the  interests  of  navigation ;  and  the  engineers  of  the 
War  Department,  who  are  in  authority  over  navigable  waters,  have 
seen  to  it  that  bridges  have  met  in  full  the  real  and  often  the  fancied 
interests  of  navigation  in  the  matter  of  long  spans,  both  movable  and 
fixed.  The  vertical  clearances  have  also  been  increased  by  reason  of 
the  greater  ability  of  the  motor  vehicle  to  climb  steeper  approach 
grades.  The  ideal  grade  for  a  bridge  is  just  sufficient  for  drainage,  for 
bridges  used  by  horse-drawn  vehicles  four  or  five  per  cent,  has  long 
been  considered  the  maximum  grade,  while  for  motor  vehicles  higher 
grades  are  permissible  even  when  they  are  of  great  length. 

A  very  few  years  ago  a  movable  span  which  provided  a  little 
clearance  for  the  largest  boat  that  passed  through  it  met  the  legal 
requirement  that  it  be  not  an  unreasonable  obstruction  to  navigation; 
but,  as  the  water-borne  traffic  increased  in  importance,  as  the  use  of 
barges  and  tows  developed  and  required  larger  openings  and,  as 
improvement  in  materials  and  in  design  of  bridges  made  long  spans 
reasonably  economical,  greater  movable  spans  were  required  by  the 
War  Department.  Years  of  litigation  were  necessary  to  increase  the 
widths  of  openings  on  the  Chicago  River  from  140  to  200  feet,  meas¬ 
ured  at  right  angles  to  the  channel,  but  to-day  an  opening  of  200  to 
250  or  even  300  feet  is  an  every-day  matter;  but,  as  water  traffic 
grew  and  competition  between  terminal  facilities  became  keen,  there 
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developed  objections  even  to  large  movable  spans.  Piers  and  wharves 
below  all  bridges  gained  advantage  over  those  above,  real-estate  values 
were  affected,  and  public  interest  was  so  aroused  that  high  bridges 
having  spans  long  enough  to  clear  the  whole  of  the  navigable  water 
have  become  common  in  busy  waterways  and  in  large  cities. 

To  meet  the  demand  for  long  spans  at  the  lowest  practicable 
cost,  alloys  and  heat-treated  steels  were  developed.  Nickel  steel  was 
used  in  the  St.  Louis  Free  bridge,  the  Quebec  bridge,  the  Manhattan 
bridge,  the  Detroit-Superior  bridge  at  Cleveland,  and  similar  struc¬ 
tures.  Then  came  silicon  steel  (which  is  almost  as  strong  as  nickel 
steel  and  much  less  expensive),  heat-treated  eye-bars  of  still  greater 
strength,  and  the  drawn  wire,  of  yet  greater  strength,  used  in  suspen¬ 
sion  bridges. 

Esthetics,  too,  gained  in  importance  and  to  some  extent  relieved 
the  engineer  of  the  demand  that  he  design  for  the  lowest  possible 
cost,  regardless  of  appearance.  It  is  but  very  few  years  since  economy 
dictated  the  omission  of  the  modest  pylons  designed  for  the  ends  of  the 
great  arch  of  the  Detroit-Superior  bridge  at  Cleveland,  and  still  more 
recently  the  modest  sum  allowed  for  suitable  entrances  to  the  North 
Hill  viaduct  of  Akron  was  first  reduced  by  half,  then  withdrawn 
entirely,  in  the  interest  of  economy.  The  public  has  been  exceedingly 
critical  of  spending  money  to  improve  the  appearance  of  public 
bridges,  and  corporations  have  as  a  rule  countenanced  it  not  at  all. 
Fortunately,  the  public  mind  has  been  improved  and  greater  consid¬ 
eration  is  now  given  to  esthetics. 

The  development  of  reinforced  concrete,  which  is  so  well 
adapted  to  use  in  the  arch,  surely  had  much  to  do  with  the  improve¬ 
ment  in  public  taste,  for  the  reinforced  concrete  arch  in  general  use 
over  gullies  and  gorges  and  lesser  streams,  and  occasionally  in  greater 
crossings,  is  in  striking  contrast  to  the  ugly  viaduct  and  straight- 
chord  truss  formerly  in  use.  Sometimes  it  has  caused  hitter  contro¬ 
versy  to  secure  approval  of  the  higher  cost  of  an  esthetic  design,  hut 
the  opposition  lessens  as  public  taste  is  educated  to  the  value  of  struc¬ 
tures  of  finer  appearance,  and  it  is  reasonable  to  hope  that  in  the  not 
very  distant  future  the  appearance  of  a  structure  may  come  into  im¬ 
portance  reasonably  in  proportion  to  its  utility. 

The  developments  in  superstructure  design  resulting  from  altera¬ 
tion  in  governing  conditions  have  been  largely  those  involved  in  mag- 
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nitude  of  loads,  of  traffic,  and  of  essential  dimensions.  Substantially 
every  variation  in  form  of  truss  had  been  devised  and  used  before  the 
turn  of  the  century  and  only  the  Pratt,  the  Pettit  and  the  Warren 
remained  in  general  use.  A  few  railways  used  the  multiple-intersec¬ 
tion,  riveted,  Warren  truss,  because  their  engineers  believed  it  to  be 
more  rigid,  better  able  to  carry  extra  stress  and,  in  particular,  less 
liable  to  complete  collapse  if  injured  by  wreck  of  a  train,  than  the 
simple,  pin-connected  structures  then  in  general  use. 

Two  of  these  views  were  correct.  Movement  in  the  joints,  as 
loads  increased,  caused  uneven  wear  on  pins  and  eye-bars  and  so 
unbalanced  the  distribution  of  stress  on  the  bars  composing  a  member 
that  one  of  a  pair  often  carried  all  the  dead  load  and  materially  more 
than  its  share  of  live  load.  Riveted  trusses  were  free  from  this  defect. 
Again,  in  several  notable  instances  riveted  trusses  survived  injuries 
equal  to  those  that  destroyed  pin-connected  trusses.  The  three  riveted, 
Pratt-truss  spans  of  the  Kansas  City  Southern  bridge  over  the  Kansas 
River  at  Kansas  City,  Mo.,  were  raised  and  put  back  in  service  with¬ 
out  repair,  after  being  washed  oft  their  piers  in  the  flood  of  1903. 
None  of  the  18  adjacent  pin-connected  bridges  thrown  down  at  the 
same  time  was  worth  raising. 

Engineering  opinion  moved  rapidly  toward  the  use  of  riveted 
structures  for  all  but  the  greater  spans,  in  which  live-load  stresses 
were  of  minor  instead  of  major  importance,  and  in  which  thickness  of 
metal  made  uncertain  the  character  of  field  rivets.  Engineers  were 
so  dubious  regarding  the  quality  of  rivets  of  seven  inches  grip  that 
those  used  in  the  Beaver  Falls  bridge  of  the  Pennsylvania  Railroad 
and  in  the  Armour-Swift-Burlington  bridge  at  Kansas  City,  Mo., 
both  built  about  twenty  years  ago,  were  made  to  fill  the  hole  at  the 
head  and  were  tapered  towards  the  tip,  which  was  cooled  before  driv¬ 
ing,  to  facilitate  upsetting  and  the  better  to  insure  filling  the  hole.  To 
limit  the  thickness  of  metal,  gusset-plates  of  the  greatest  width  rolled 
were  spliced  into  the  main  truss  members,  which  had  more  than  500 
square  inches  cross-section  in  the  Armour-Swift-Burlington  bridge. 
These  structures,  still  among  the  heaviest  of  the  riveted  type,  reached 
and  extended  the  limits  of  the  then  current  experience  in  design  and 
in  fabrication. 

Both  the  visible  distress  under  load,  and  extensometer  measure¬ 
ments  of  stress,  clearly  showed  the  ill  effect  of  the  scant  bracing  of 
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earlier  railway  bridges.  The  more  rigid  bracing  of  recent  de>igns 
undoubtedly  adds  materially  to  the  probable  life  of  the  structures,  yet 
the  older  designs  can  not  be  considered  unscientific.  Many  a  major 
structure  is  still  carrying  modern  traffic  twice  as  heavy  as  that  for 
which  it  was  designed.  Low  speed  substantially  minimizes  impact 
stresses,  but  only  counters,  doors  and  a  few  other  weaker  elements 
have  been  strengthened.  The  Ohio  River  bridge  at  Henderson,  Ky.,  is  a 
fine  example  of  the  most  effective  use  of  a  limited  quantity  of  metal ; 
for  its  spans,  one  of  which  is  more  than  500  feet  long,  have  pin- 
connected  Warren  trusses,  hanging  floor  beams,  rod  laterals  and  not 
a  sway  brace  between  portals,  yet  it  continues  to  carry  traffic  probably 
twice  as  heavy  as  the  loading  used  in  its  design.  The  Wabash  Rail¬ 
road  bridges  over  the  Missouri  River  at  St.  Charles  and  over  the  Mis¬ 
sissippi  River  at  Hannibal,  Mo.,  and  the  Milwaukee  bridge  over  the 
Missouri  at  Kansas  City,  Mo.,  are  other  notable  examples  of  old, 
well  designed  light  structures  still  in  service. 

Probably  the  most  pronounced  development  in  form  of  bridge 
construction  has  occurred  in  the  movable  bridge  Held.  Until  approxi¬ 
mately  the  beginning  of  the  period  under  consideration  the  rotating 
draw  span  was  in  substantially  universal  use,  but  in  narrow  city 
channels  it  interfered  with  the  use  of  valuable  adjacent  wharf  prop¬ 
erty  and  led  to  the  demand  for  some  form  that  should  be  free  from 
this  objection.  Small  retractable  draw  spans  and  vertical  lift  spans 
had  been  built  in  such  situations,  especially  over  the  canals  of  New 
York,  but  they  were  crude  and  ill-favored  affairs,  of  small  historic 
value. 

The  fi  rst  bascule  and  the  first  vertical  lift  span  of  size  were 
built  about  the  same  time  in  Chicago.  The  cost  of  the  vertical  lift 
was  excessive,  since  the  vertical  movement  required  was  very  great 
and  its  machinery  was  ill  suited  to  the  service,  for  at  that  time  electric 
equipment  was  considered  too  uncertain  to  be  risked  ;  hence  both  engi¬ 
neering  and  popular  opinion  favored  the  bascule,  and  its  use  grew 
apace.  Many  engineers  developed  numerous  types,  but  mechanical 
excellence  led  to  the  wide  use  of  only  three — the  balanced  leaf  and 
counterweight  mounted  on  a  simple  trunnion,  the  simple  span  bal¬ 
anced  by  a  separately  mounted  counterweight,  and  the  leaf  which 
rolls  back  on  a  circular  segment.  All  avoid  the  use  of  the  draw  protec¬ 
tion  which  so  obstructs  a  narrow  channel ;  all  move  in  the  plane  of 
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the  bridge  s  center-line,  and  hence  leave  adjacent  wharves  without 
obstruction ;  and  all  cost  very  much  the  same.  Many  other  types  were 
tried,  but  abandoned  for  these  three.  The  bascule  became  the  fashion, 
and  on  that  account  it  was  used  in  many  places  where  it  had  no 
advantage  over  the  rotating  draw. 

As  the  width  of  required  opening  increased,  the  cost  of  the 
bascule  mounted  rapidly.  For  the  Armour-Swift-Burlington  bridge 
a  428-foot  opening  was  required  in  a  double-track,  double-deck  struc¬ 
ture.  The  bascule  was  impossible,  hence  the  writer  modified  the  old 
idea  of  the  lifting  deck  to  meet  the  conditions.  The  mechanical 
equipment  of  this  lifting  deck  applied  to  a  proposed  double-track  rail¬ 
way  lift  span  proved  that  type  to  be  more  economical  and  mechan¬ 
ically  more  satisfactory  for  that  situation  than  the  bascule.  Further 
study  resulted  in  the  development  of  the  vertical  lift  span  having  its 
operating  machinery  on  the  span — a  type  which  is  now  in  very  gen¬ 
eral  use. 

The  vertical  lift  span  is  more  economical  to  build  than  either  the 
bascule  or  the  swing  span  when  the  width  of  opening  exceeds  the  ver¬ 
tical  movement  required,  particularly  when  foundation  conditions  are 
unfavorable — its  loads  are  equally  divided  between  the  supporting 
piers;  the  towers  are  light  and  directly  over  the  piers;  the  wind  loads 
are  low,  since  the  bridge  floor  is  always  horizontal ;  and  both  counter¬ 
weights  weigh  only  as  much  as  the  lift  span.  The  construction  of  span 
and  towers  is  simple,  therefore  economical  to  fabricate. 

The  bascule  counterweight  must  be  two  to  three  times  as  heavy 
as  the  leaf  it  balances,  since  the  counterweight  arm  must  be  short;  the 
wind  against  the  floor  produces  heavy  wind  loads;  the  construction  is 
irregular  and  expensive  to  fabricate;  machinery  must  be  in  duplicate 
and  connected  by  subaqueous  cable  if  two  leaves  are  used ;  but  the 
type  is  always  advantageous  for  short  spans  if  great  vertical  clearance 
is  required. 

W  hen  the  distance  from  the  roadway  to  the  water  surface  or  the 
use  of  a  subaqueous  pit  allows  the  use  of  a  deck  structure  with  the 
counterweight  below  the  roadway,  the  bascule  always  presents  the 
most  satisfactory  appearance;  but,  if  the  counterweight  must  be 
placed  overhead,  there  is  little  to  choose  between  the  bascule  and  the 
vertical  lift  span,  with  its  more  or  less  unsightly  towers. 
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In  recent  times  it  has  been  borne  in  upon  engineers  that  a 
movable  span  is  a  machine  which  should  be  designed  for  hard  and 
unfailing  service;  not  a  fixed  structure  with  poorly  designed  and 
makeshift  mechanical  equipment.  Unbushed,  cast-iron  bearings,  cast- 
iron  gears  with  molded  teeth,  flimsy  connections  between  machinery 
and  structural  supports,  poor  and  inadequate  brakes,  and  any  kind  of 
a  power-plant  were  once  thought  good  enough  for  a  movable  span. 
Operating  troubles  were  numerous  and  breakdowns  and  serious  acci¬ 
dents  were  not  infrequent.  'To-day  steel  frames  and  bearings,  bronze 
bushings,  forged  pinions  and*  cast-steel  gears  with  cut  teeth,  power  as 
well  as  hand-operated  brakes,  duplicate  power-plant,  magnetic  con¬ 
trol,  and  interlocking  signals  are  essential  to  any  first-class  structure. 
In  the  Duluth  bridge — a  vertical  lift  of  nearly  400-foot  span — a  gen¬ 
erator  with  dual  power  supply  charges  storage  batteries  which  are  con¬ 
nected  by  duplicate  wiring  to  duplicate  motors.  A  gasoline-engine 
provides  auxiliary  means  of  operating,  and  two  operators  are  always 
to  be  on  duty,  in  order  to  reduce  to  the  minimum  the  possibility  of 
failure  of  the  bridge  to  open.  Failure  would  mean  disaster,  for  boats 
must  come  in  at  full  speed  and  can  not  stop  with  safety  in  time  of 
storm. 

Almost  without  exception,  the  older  fixed  structures  were  made 
up  of  simple  spans,  because  the  short  openings  then  required  made 
them  economical;  because  their  stresses  were  readily  determinate;  and 
last,  but  not  least,  because  they  readily  adapted  themselves  to  any 
movement  which  might  occur  in  foundations.  Piers  resting  on  grill¬ 
ages  hazardously  placed  on  top  of  piles,  which  were  cut  oft  under 
water  and  laterally  supported  by  riprap,  did  not  constitute  founda¬ 
tions  in  which  great  confidence  could  be  placed.  Engineers  so  feared 
the  derangement  of  stresses  resulting  from  settlement  of  a  pier  that 
continuous  spans  were  inveighed  against  and  avoided,  even  when  the 
supporting  piers  rested  on  rock. 

The  increases  in  live  loads  and  in  required  length  of  span  have 
added  to  the  economical  advantages  of  the  continuous  truss;  improved 
methods  of  calculation  have  increased  the  facility  and  the  assurance 
of  accuracy  with  which  stresses  may  be  determined  ;  better  methods 
of  construction  add  to  confidence  in  stability  of  piers;  the  cost  of  erec¬ 
tion  and  the  risks  involved  by  high  water  or  running  ice  are  reduced, 
and  the  maintenance  of  navigation  is  facilitated  by  the  use  of  the 
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continuous  truss;  hence  it  has  been  greatly  favored  in  very  recent 
times — in  fact,  it  is  becoming  so  much  the  fashion  that  it  is  now  likely 
to  be  used  where  its  economy  is  doubtful.  It  is  not  a  thing  of  beauty, 
yet,  with  care,  its  appearance  may  be  made  tolerable. 

In  the  Chesapeake  &  Ohio  Railway’s  Sciotoville  bridge  over  the 
Ohio  River — the  first  large  structure  of  this  type — the  continuous 
truss  proved  economical  because  foundation  conditions  were  excellent 
and  two  very  large  openings  were  required  for  navigation.  This 
bridge  carries  heavy  railway  traffic,  and  its  secondary  stresses  were  of 
such  high  importance  that  they  were  carefully  offset  by  erecting  the 
truss  members  in  their  deflected  position.  The  Mississippi  River 
bridge  at  Cape  Girardeau,  Mo.,  contains  two  671-foot  spans,  the 
Mississippi  River  bridge  at  Chain  of  Rocks,  Mo.,  just  above  St. 
Louis,  contains  five  pairs  of  continuous  truss  spans  of  varying  length, 
and  a  number  of  other  structures  of  this  type  have  recently  been  com¬ 
pleted  or  are  under  construction. 

The  merits  of  the  cantilever  type  of  structure  have  long  been 
understood  and  appreciated.  The  Firth  of  Forth  bridge,  with  its 
two  1710-foot  spans,  and  still  the  greatest  completed  bridge  struc¬ 
ture,  was  finished  in  1889.  The  type  has  been  used  repeatedly  in  situ¬ 
ations  where  great  length  of  span  was  required  and  where  the  use  of 
falsework  for  erection  was  difficult  or  impossible.  The  length  of  span 
which  makes  the  cantilever  economical  in  metal  varies  materially  with 
the  loads  it  is  designed  to  carry,  but  if  the  use  of  falsework  for  erec¬ 
tion  is  reasonably  practicable,  the  economy  of  the  cantilever  is  doubt¬ 
ful  for  spans  of  less  than  700  feet.  The  economical  length  of  the 
suspended  span  also  varies  with  the  weight  of  the  structure  and  the 
load  to  be  carried,  though  it  may  generally  be  said  to  be  about  one- 
half  of  the  distance  between  main  piers.  Objection  has  been  made  to 
the  greater  deflection  of  the  cantilever  than  of  the  simple  span,  result¬ 
ing  from  the  concentrated  load  the  suspended  span  places  on  the  end 
of  a  cantilever  arm,  but  this  is  really  a  matter  of  no  material  impor¬ 
tance,  and  the  use  of  the  cantilever  is  eminently  justified  for  spans  of 
great  length,  for  situations  in  which  falsework  is  difficult  to  construct 
and  maintain,  and  where  navigation  must  not  be  impeded.  It  has 
been  used  extensively  on  such  busy  streams  as  the  Ohio  River,  and  is 
likely  to  be  used  more  extensively  as  the  navigation  of  waterways 
becomes  more  dense  and  less  subject  to  interruption. 
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Until  very  recently  the  cantilever  bridge  has  been  our  ugliest 
structure,  for  economy  in  fabrication  and  erection  induced  straight 
lines  for  both  the  cantilever  and  anchor  arms.  The  straight  top  chord, 
rising  from  the  anchor  pier  to  the  main  pier,  then  descending  to  the 
suspended  span,  balanced  by  a  like  bottom  chord  with  inverted  slopes, 
certainly  did  not  make  for  beauty,  and  the  suspended  span  commonly 
used,  with  its  straight  bottom  chord  and  its  upwardly  curving  top 
chord,  added  the  last  straw  in  ugliness  of  line.  The  so-called  K-type 
of  web  system,  devised  for  the  Quebec  bridge,  adds,  if  that  is  possible, 
to  the  ugliness  of  the  structure;  but,  beginning  with  the  Wabash 
bridge  over  the  Monongahela  River  at  Pittsburgh,  and  the  Queens- 
boro  bridge  over  the  East  River,  distinct  improvement  has  been  made 
in  recent  years  in  the  appearance  of  the  cantilever,  and  in  many  in¬ 
stances  careful  consideration  of  outline  has  produced  distinctive, 
attractive  structures. 

It  is  doubtful  whether  cantilevers  of  greater  length  than  those 
already  in  existence  will  be  built,  for  the  strength  of  the  metal  in  the 
cables  of  the  modern  suspension  bridge  so  far  exceeds  the  strength  of 
even  the  best  alloy  steels  used  in  built  members  that  the  suspension 
bridge  is  economically  superior  to  the  cantilever  for  very  long  spans. 
In  the  early  investigations  of  the  possibility  of  bridging  the  Hudson 
River  at  New  York,  the  calculations  of  Robert  Escobar,  a  very  able 
but  little  known  designer  for  the  Union  Bridge  Company,  demon¬ 
strated  that  a  cantilever  of  2300  feet  clear  span,  composed  of  high- 
carbon  steel,  was  entirely  practicable  for  the  train  loads  of  that  day, 
and  its  then  superior  rigidity  made  it  preferred  to  the  suspension 
bridge,  but  that  judgment  would  probably  be  reversed  to-day. 

The  failure  of  the  first  Quebec  bridge  has  often  been  attributed 
to  lack  of  knowledge  by  bridge  engineers  of  the  detailed  distribution 
of  stresses  in  riveted  members  of  the  size  used,  and  to  lack  of  experi¬ 
ence  with  so  great  a  span,  but  the  Firth  of  Forth  bridge  with  spans 
nearly  as  great  is  still  satisfactorily  performing  its  office,  and  the 
Armour-Swift-Burlington  bridge,  which  was  being  erected  when  the 
Quebec  bridge  fell,  has  riveted  members  quite  as  large  but  without  the 
defects  which  caused  failure. 

The  newer  developments  in  cantilever  design  are  generally  con¬ 
fined  to  details  and  to  appearance,  but  the  form  developed  for  the 
Allegheny  River  bridges  at  Pittsburgh  is  new  and  meritorious. 
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1  hough  it  has  the  form  of  a  suspension  span,  the  absence  of  hori¬ 
zontal  reaction  under  full  load  places  it  among  the  cantilevers.  The 
rocker  shoe  of  the  Beaver  Falls  bridge  insures  better  distribution  of 
loads  on  piers;  alloy  steels  extend  the  economic  length  of  the  type; 
economic  limits  of  length  and  proportions  of  suspended  span,  canti¬ 
lever,  and  anchor  arms  have  been  determined ;  and  the  place  of  the 
cantilever  in  the  range  of  structural  types  is  now  well  established. 

The  steel  arch  has  been  liberally  used  where  foundation  condi¬ 
tions  were  favorable  and  attractiveness  of  appearance  was  important. 
It  is  manifest  that  economy  has  also  caused  it  to  be  used  widely  in 
situations  where  good  foundations  were  available  to  carry  both  the 
vertical  and  horizontal  loads  and  where  a  single  span  was  advan¬ 
tageous,  such  as  in  the  Niagara  Gorge,  the  Deschutes  Canyon  in 
Oregon,  and  in  the  Fraser  River  Canyon,  for  it  may  readily  be 
anchored  temporarily  and  erected  as  a  cantilever.  The  arch  was  dis¬ 
tinctly  the  most  satisfactory  type  of  structure  for  use  at  Hell  Gate 
and  for  the  crossing  the  Cuyahoga  River  in  the  Detroit-Superior 
bridge  at  Cleveland,  where  long  spans  were  required,  navigation 
could  not  be  obstructed,  and  conditions  were  favorable  for  short  spans 
in  the  flanking  structures.  These  two  great  arches  which  were  closed 
in  the  same  week,  the  light  but  long  higher  arch  just  below  Niagara 
Falls  and  the  two  railway  bridges  over  the  Niagara  Gorge  form 
notable  examples  of  this  type  of  structure  in  this  country.  The  great, 
heavy  arch  of  1650-foot  span,  now  under  construction  over  Sydney 
harbor  will  be  the  most  notable  structure  of  the  type,  though  the 
lighter  1675-foot  span  of  the  Kill  von  Kull  bridge  is  nearly  as  impor¬ 
tant.  These  structures  thoroughly  demonstrate  the  fitness  of  the  type 
for  spans  of  great  length.  Because  of  its  attractive  appearance  the 
arch  merits  much  wider  use  than  it  has  been  given  in  situations  of 
lesser  importance.  Many  an  ugly  trestle,  composed  of  towers  or  col¬ 
umns  and  straight,  supported  spans,  might  wisely  have  given  place 
to  a  succession  of  steel  arches  without  important  loss  in  economy.  The 
ease  with  which  a  straight  vertical  and  horizontal  structure  may  be 
designed  and  the  eternal  pressure  upon  the  engineer  to  build  at  the 
least  possible  cost  have  been  responsible  for  many  an  esthetic  crime. 

The  reinforced  concrete  arch  has  become  the  most  favored  struc¬ 
ture  for  spans  of  small  and  moderate  size.  A  few  great  structures, 
such  as  the  Tunkhannock  viaduct  of  the  Delaware,  Lackawanna  & 
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Western  Railroad,  the  Detroit-Superior  bridge  at  Cleveland  and  th  • 
North  Hill  viaduct  at  Akron,  Ohio,  both  over  the  Cuyahoga  River 
valley,  and  the  Mississippi  River  bridge  at  Minneapolis,  contain  spans 
of  considerable  length,  but  American  engineers  have  never  built  such 
long  spans  as  have  been  constructed  in  Europe.  The  excessive  cost 
and  the  excessive  demands  upon  foundation  conditions  imposed  In 
concrete  make  steel  the  wiser  choice  for  spans  of  great  length. 

The  idea  that  concrete  structures  will  never  require  main¬ 
tenance  has  probably  been  as  great  a  factor  as  attractiveness  of  form 
and  appearance  in  the  public  esteem  of  concrete  structures;  but  time 
is  bringing  some  disillusionment,  for  discoloration,  surface  cracking, 
efflorescence,  and  streaking  from  leakage  frequently  mar  the  appear¬ 
ance  of  concrete  structures,  and  defects  of  construction,  which  inev¬ 
itably  occur  at  times,  are  found  to  be  exceedingly  difficult  to  remedy. 
If  the  surface  is  porous,  so  that  water  may  enter,  deterioration  is 
certain,  and  is  hard  to  remedy.  These  facts  are  becoming  manifest  to 
engineer  and  layman  alike,  hence  the  use  of  concrete  is  the  more  defi¬ 
nitely  being  confined  to  situations  where  it  will  prove  satisfactory. 

The  development  of  the  suspension  bridge,  which  has  recenth 
come  into  unusual  public  favor,  was  contemporaneous  with  other 
types.  The  first  simple  span  was  undoubtedly  a  log  felled  across  a 
stream.  The  first  framed  structure  was  undoubtedly  a  trestle  sup¬ 
ported  on  piles  or  framed  bents.  Cantilevers  of  considerable  span 
were  built  of  poles,  tied  together  with  ropes,  by  the  Indians  of  both 
North  and  South  America;  and  cables  composed  of  vines,  twisted 
together,  long  ago  were  used  in  foot-bridges  built  across  the  streams 
of  India.  Coming  down  to  modern  times,  we  find  the  suspension 
bridge  taking  its  place  in  history  along  with  the  Fink  truss  and  the 
Bollman  truss.  Comparatively  early  examples  were  built  at  Pitts¬ 
burgh;  a  very  old  structure  of  500-foot  span  at  Waco,  Tex.,  was  long 
a  notable  example  of  the  early  bridge  builder’s  skill ;  and  there  is  still 
in  service  at  Wheeling,  W.  Va.,  a  comparatively  long  span  which 
was  finished  in  1858;  but  the  Brooklyn  bridge,  which  marked  a  great 
forward  step  in  the  bridge  builder’s  art,  paved  the  way  for  the  great 
structures  over  the  East  River,  the  Delaware,  and  the  Hudson.  Re¬ 
cently  the  construction  of  the  suspension  bridge  has  become  a  fashion  ; 
partly  because  of  the  greater  demand  for  long  spans;  parti)  because 
the  graceful  curve  of  the  cables,  approximating  the  catenary,  appeals 
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strongly  to  the  newly  awakened  public  demand  for  esthetic  appear¬ 
ance.  1  here  has  also  lurked  in  the  public  mind  the  notion  that  the 
suspension  bridge  is  economical  as  well  as  beautiful  and  this  has  led 
to  its  use  in  many  situations  where  the  cantilever,  or  even  the  simple 
span,  would  prove  less  expensive. 

I  he  determination  of  the  stresses  in  the  stiffening  trusses  was 
long  a  matter  of  guesswork,  and  it  is  still  somewhat  a  matter  of 
debate;  for  many  of  the  older  structures,  in  which  the  stiffening 
trusses  would  not  meet  the  requirements  of  present  methods  of 
design,  have  performed  their  office  in  a  satisfactory  manner.  The  most 
notable  example  of  this  is  the  most  notable  structure,  the  Brooklyn 
bridge,  which  has  stiffening  trusses  far  less  competent  than  present 
standards  approve. 

The  Brooklyn  bridge  with  its  span  of  1 595 ^2  feet,  completed  in 
1883,  was  the  most  outstanding  structure  of  its  time.  The  lessons 
learned  in  its  construction  were  later  employed  in  the  building  of  the 
Williamsburg  bridge  and  the  Manhattan  bridge  over  the  East  River, 
and  a  steady  improvement  has  been  made  in  detail,  and  the  manner 
and  time  of  construction,  in  the  building  of  the  Delaware  River 
bridge  at  Philadelphia,  the  Bear  Mountain  bridge,  and  the  Ambas¬ 
sador  bridge  at  Detroit.  Now  comes  the  Hudson  River  bridge  with 
more  than  double  the  length  of  the  Brooklyn  bridge  and  nearly  twice 
the  length  of  any  other,  as  the  most  outstanding  piece  of  bridge  con¬ 
struction. 

The  construction  of  spans  of  extraordinary  length  with  struc¬ 
tural  steels  of  usual  grades  involves  great  dead  weight  and  extrava¬ 
gant  cost ;  hence,  as  demand  for  long  spans  grew,  the  producers  of 
nickel  carried  out  elaborate  investigations  to  determine  whether  it 
would  produce  an  alloy  of  great  strength  and  of  reasonable  work¬ 
ability  at  a  price  which  would  encourage  its  use.  The  alloy  proposed 
after  this  investigation  had  such  strength  that  it  was  believed  30,000 
pounds  in  tension  would  be  a  safe  working  stress,  but  manufacturers 
objected  to  so  high  an  alloy  and  after  much  discussion  the  use  of 
about  3M  per  cent,  of  nickel  was  adopted.  This  produced  a  steel  of 
50,000"  pounds  minimum  elastic  limit,  permitting  about  25,000  pounds 
per  square  inch  as  a  working  tensile  stress,  but  which  was  yet  soft 
enough  to  be  fabricated  without  alteration  of  shop  equipment  and 
without  excessive  cost.  Such  an  alloy  was  used  in  the  East  River 
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bridges,  the  Quebec  bridge,  the  Free  bridge  at  St.  Louis,  the  Detroit- 
Superior  arch,  and  other  structures  of  the  time.  A  little  later  the 
experiments  conducted  by  the  United  States  Navy  demonstrated  that 
the  use  of  about  0.2  of  one  per  cent,  of  silicon  would  produce  a  steel 
having  an  elastic  limit  of  about  45,000  pounds,  and  safely  permitting 
stresses  about  50  per  cent,  higher  than  those  of  carbon  steel.  The 
cost  in  the  structure  is  only  about  one  cent  a  pound  higher  than  that 
of  carbon  steel,  hence  it  has  proved  economical  and  has  come  into 
considerable  use,  not  only  in  spans  of  extraordinary  length  but  in 
spans  down  to  400  feet  or  even  less. 

Because  many  metals,  each  in  varying  quantity,  may  be  em¬ 
ployed,  an  almost  infinite  number  of  alloys  is  possible.  Experiments 
looking  towards  the  use  of  manganese  indicate  the  possibility  of  a 
workable  alloy  with  an  elastic  limit  of  about  55,000  pounds  per 
square  inch,  but  the  field  is  wide  and  much  of  it  is  unexplored,  there¬ 
fore  there  is  reason  to  hope  for  still  greater  improvement  in'  metal 
for  bridges. 

Heat  treatment  can  be  applied  only  to  members  or  materials 
which  require  no  further  fabrication.  Heat-treated  eye-bars  with  an 
elastic  limit  of  50,000  pounds  per  square  inch  have  proved  satisfac¬ 
tory  in  railway  bridges,  and  others  with  an  elastic  limit  of  75,000 
pounds  are  economically  used  in  highway  structures.  Heat  treating 
is  an  old  process  of  improving  the  quality  of  steel,  but  the  results  vary 
widely  with  the  quality  of  the  steel,  the  temperature  employed  and 
the  uniformity  of  its  application,  the  rapidity  of  cooling,  and  other 
factors.  The  pyrometer  affords  the  means  of  controlling  tempera¬ 
ture,  and  the  microscope  discloses  the  structure  of  the  metal,  but  even 
the  most  approved  physical  tests  of  the  finished  product  do  not  always 
disclose  the  truth.  The  failure  of  the  wire  in  the  cables  of  the  Alt. 
Hope  Bay  bridge  and  the  Detroit  River  bridge  is  abundant  evidence 
that  caution  and  liberal  preliminary  use  are  desirable  before  new 
processes  and  materials  are  used  in  the  principal  parts  of  major 
structures. 

The  use  of  calcined  clays  which  expand  greatly  in  the  burning 
and  make  a  light  but  strong  concrete  aggregate  has  materially  aided 
the  economical  use  of  concrete  floors  for  highway  structures.  This 
clinker  has  not  the  wearing  qualities  of  stone,  therefore  concrete  made 
of  it  should  not  be  exposed  to  traffic.  But  the  saving  of  about  40 
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pounds  per  cubic  foot  of  floor  slab  which  it  effects  makes  it  desirable 
and  generally  economical  for  vertical  lift  spans  and  for  long-span 
bridges. 

No  outstanding  improvements  have  been  made  in  the  processes 
of  fabrication.  High-speed  tool-steels  have  facilitated  machining,  par¬ 
ticularly  drilling,  thus  saving  cost  by  encouraging  the  greater  use  of 
thicker  metal.  The  rolling  of  H -sections  arid  deep,  broad-flanged 
I-beams  has  reduced  the  amount  of  shop  work  required.  The  use  of 
the  independent  bent  instead  of  continuous  falsework  and  the  develop¬ 
ment  of  the  guyed  traveler  have  facilitated  erection.  Many  other 
improvements  have  been  made  in  shop  methods  and  shop  tools,  but 
they  are  only  normal  and  do  not  merit  special  note. 

So,  in  the  design  of  bridges  the  advances  have  been  gradual  and 
normal,  great  in  the  aggregate  but  individually  of  but  moderate 
importance,  with  the  exceptions  of  the  form  and  character  of  the 
movable  bridge,  the  growth  in  the  use  of  continuous  structures,  the 
development  of  alloys  of  high  strength  and  (most  important  of  all)  the 
great  increase  in  magnitude  of  span.  As  the  motor  vehicle  has  spread 
our  cities  over  great  areas,  eliminated  rural  isolation,  and  in  many 
other  ways  changed  the  whole  manner  of  American  living,  so  it  has 
built  a  great  system  of  highways  which  have  been  carried  across  im¬ 
peding  waterways  by  bridges  unparalleled  in  number  and  in  magni¬ 
tude.  in  all  this  the  part  and  the  responsibility  of  the  engineer  are 
very  great.  He  may  well  ponder  the  words  of  Ruskin 

“Therefore,  when  we  build,  let  us  think  that  we  build  forever.  Let  it 
not  be  for  present  delight,  nor  for  present  use  alone;  let  it  be  such  work  as 
our  descendants  will  thank  us  for,  and  let  us  think,  as  we  lay  stone  on  stone, 
that  a  time  is  to  come  when  those  stones  will  be  held  sacred  because  our 
hands  have  touched  them,  and  that  men  will  say  as  they  look  upon  the  labour 
and  wrought  substance  of  them,  ‘See!  this  our  fathers  did  for  u>.'  " 


“Seven  Lamps  of  Architecture,  by  John  Ruskin.  Chapter  6. 


1930] 


DISCUSSION — BR1DOK  M  I'KKSTKK  T1  RKS 


»$? 


DISCUSSION 

C.  S.  Davis:'  Mr.  Harrington  has  so  fully  covered  the  field 
that  1  do  not  think  there  is  anything  left  for  me  to  say.  1  could 
enlarge  a  little  on  the  Eads  bridge.  The  Eads  bridge  was  dedicated 
and  opened  to  traffic  July  4,  1874.  In  1888  the  railroad  floor  was 
completely  renewed.  In  1902  the  top  flanges  of  the  railway  stringers 
were  renewed  and  the  highway  deck  completely  rebuilt.  The  high¬ 
way  deck  has  been  renewed  once  since  then.  In  1902  it  was  found 
that  48  of  the  tubes  in  the  main  arches  were  quite  badly  rusted  due 
to  the  brine  occasioned  by  salting  the  highway  deck,  and  it  was  nec¬ 
essary  to  reinforce  these.  Five  pins,  in  pin  joints,  were  found  to  be 
pretty  badly  corroded.  These  were  repaired,  without  putting  the 
bridge  out  of  service.  The  bridge  was  subject  to  quite  an  amount  of 
vibration,  so  at  that  time  the  old  sway  bracings  were  entirely  removed 
and  new  sway  bracings  of  a  modern  type  put  in. 

I  think  the  way  in  which  the  owners  have  taken  care  of  this 
structure  is  largely  responsible  for  its  existence  to-day.  At  one  time 
it  was  condemned.  That  was  previous  to  the  reinforcing  carried  out 
in  1902.  The  reinforcement  carried  out  at  that  time  made  the  struc¬ 
ture  suitable  for  the  heavier  motive  power  and  assured  of  ver\  much 
extended  life. 

C.  N.  Haggart:+  I  wish  in  the  first  place  to  thank  Mr.  Har¬ 
rington  personally  for  the  very  interesting  paper  he  has  given  us.  He 
has  given  us  a  clear  view  of  some  of  the  present-day  bridge  problems 
and  their  solution  and  an  idea  of  the  progress  which  has  been  made 
in  bridge  work  in  the  last  three  decades. 

I  was  very  much  in  sympathy  with  what  Mr.  Harrington  said 
regarding  the  ferries  across  the  rivers.  Every  time  I  cross  this  new 
bridge  at  Philadelphia  I  am  reminded  of  my  first  experience  in  Phila¬ 
delphia  in  the  winter  of  1917.  I  took  the  ferry  across  the  river  to 
Camden.  When  we  got  out  to  the  middle  of  the  river  we  were 
frozen  up  and  a  tug  cut  circles  around  us  to  break  up  the  ice  across 
to  the  other  shore.  It  took  about  an  hour  to  get  across.  The  follow  ¬ 
ing  summer  I  had  occasion  to  drive  down  to  the  shore,  which  is  a 
couple  of  hours’  drive,  and  there  was  so  much  traffic  1  had  to  wait 

*Consulting  Engineer,  Pittsburgh. 

tConsulting  Structural  Engineer,  Pittsburgh. 
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three  or  four  hours  to  get  on  the  ferry;  so  it  must  be  a  great  blessing 
to  the  people  of  Philadelphia  and  vicinity  and  farther  away  to  have 
this  wonderful  structure. 

While,  as  Mr.  Harrington  says,  there  has  not  been  any  flash  of 
inspiration  in  bridge  designing  in  recent  years,  there  has  been  a  won¬ 
derful  progress  and  it  is  interesting  to  learn  something  about  it. 

John  Lyle  Harrington  :  May  I  inquire  whether  the  new 
bridges  crossing  the  Allegheny  River  are  considered  in  Pittsburgh  to 
be  suspension  or  cantilever  bridges.  It  is,  of  course,  a  matter  of 
definition. 

T.  J.  W ilkerson  C  I  believe  I  should  answer  that  question  as 
I  proposed  the  type  of  bridge  used  and  am  responsible  for  the  design. 
Perhaps  a  brief  statement  covering  the  early  studies  as  to  the  type  of 
bridges  to  be  built  at  the  three  crossings  would  be  of  interest. 

Many  sketches  were  made  covering  various  types  including  sim¬ 
ple  trusses,  tied  arches,  cantilevers,  and  ordinary  suspension  bridges. 
These  sketches  were  submitted  to  the  Art  Commission  for  tentative 
approval.  They  preferred  the  suspension  type,  as  it  left  the  road¬ 
way  overhead  open  and  the  side  elevation  gave  the  least  obstruction 
to  view. 

The  two  suspension  bridges  at  that  time  standing  in  Pittsburgh 
had  been  affected  by  the  moving  of  an  anchorage.  On  the  North  Side 
the  Baltimore  &  Ohio  Railroad  tracks  were  between  the  river  and  a 
proper  anchorage.  On  the  South  Side  the  Planning  Commission  pro¬ 
poses  to  construct  a  boulevard  along  the  river  bank  and  this  may  be 
either  at  bridge  level  or  lower,  and  would  be  between  shore  and 
anchorage.  Bearing  these  facts  in  mind  it  was  thought  desirable  to 
design  a  structure  with  short  approach  spans  and  construct  the  main 
bridge  between  the  shore  piers  as  a  unit  having  only  vertical  forces 
acting  on  the  piers. 

I  can  not  conceive  how  any  one  can  class  the  structure  as  any¬ 
thing  but  a  suspension  bridge,  as  there  are  no  members  to  transfer 
the  shear  between  the  stiffening  girder  and  the  cable.  It  makes  no 
difference  how  the  horizontal  pull  of  the  cable  is  taken  care  of, 


^Consulting  Engineer,  Beaver  Falls,  Pa. 
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whether  it  be  by  land  anchorage  or  by  the  stiffening  girder  acting  as 
a  strut  between  the  ends  of  the  cable. 

John  Lyle  Harrington:  It  is  not  a  suspension  bridge  because 
there  is  no  suspension.  It  is  a  unit. 

T.  J.  Wilkerson  :  It  is  anchored  at  the  ends. 

John  Lyle  Harrington:  It  has  no  horizontal  load. 

T.  J.  Wilkerson:  If  you  cut  the  cable  in  the  middle  of  the 
main  span,  the  bridge  would  collapse  as  there  are  no  rigid  connections 
between  the  cable  and  the  stiffening  girder  to  take  shear,  which 
would  be  required  to  make  the  structure  act  as  a  cantilever.  The 
bridge,  however,  was  erected  as  a  cantilever  by  the  use  of  erection 
diagonals  to  take  the  shear,  and  these  were  removed  as  soon  as  the 
cable  and  stiffening  girder  were  connected  up. 

John  Lyle  Harrington:  It  seems  to  me  to  be  a  question  of 
definition.  I  wanted  to  know  how  you  considered  it  here. 

T.  J.  Wilkerson:  These  bridges  should  be  considered  what 
they  really  are — that  is,  suspension  bridges;  they  were  designed 
as  such. 

John  Lyle  Harrington:  But  there  is  no  suspension.  The 
bridge  itself  is  a  unit.  A  suspension  bridge  superstructure  is  not  a 
self-sustaining  unit. 

T.  J.  Wilkerson:  The  horizontal  pull  of  the  cable  is  taken  by 
the  stiffening  girder  acting  as  a  strut  between  the  end  connections  of 
the  cable. 

John  Lyle  Harrington:  1  understand  the  construction  per¬ 
fectly.  It  is  all  a  question  of  definition. 

T.  J.  Wilkerson:  In  the  two  bridges  1  have  designed  for 
Beaver  County,  crossing  the  Ohio  River,  one  completed  and  the  other 
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now  being  erected,  I  used  heat-treated,  carbon-steel  eye-bars.  The 
specifications  require  the  full-size  test-bars  to  have  a  yield-point  of 
not  less  than  50,000  pounds  per  square  inch,  an  ultimate  strength  of 
not  less  than  80,000  pounds  per  square  inch,  an  elongation  of  eight 
per  cent,  in  18  feet,  and  a  reduction  of  35  per  cent.  All  full-size  tests 
made  have  shown  results  in  excess  of  those  specified. 

All  the  heat-treated  bars  are  tested.  The  bars  made  for  full-size 
test  were  Brinell  tested  and  their  hardness  numbers  found.  The  bar 
was  then  tested  and,  when  satisfactory,  its  results  were  used  for  deter¬ 
mining  the  Brinell  requirements  for  the  other  bars.  Any  bar  that  did 
not  show  the  proper  Brinell  hardness  number  was  again  treated  until 
it  did  show  proper  results.  It  has  been  found  from  thousands  of  tests 
that  the  Brinell  hardness  number  bears  a  close  relation  to  the  ultimate 
strength  of  carbon  steel,  whether  heat  treated  or  annealed. 

John  Lyle  Harrington:  In  that  connection,  I  want  to  say  . 
that  there  is  still  a  lot  we  do  not  know.  That  is  thoroughly  proved 
by  the  fact  that  in  the  Mount  Hope  and  Detroit  cases  every  known 
test  was  applied  to  the  wire,  but  these  did  not  disclose  the  facts. 

In  the  wire  ropes  used  in  my  own  experience,  the  tests  employed 
were  those  to  which  all  the  wire  in  rope  drives  and  in  all  the  vertical 
lift  bridges  have  been  subjected.  The  tests  are  severe.  The  usual 
tests  for  tensile  strength,  for  elongation,  for  elastic  limit,  for  reduc¬ 
tion  of  area,  etc.,  and  in  addition  bending  tests  and  torsion  tests  were 
all  applied  to  these  ropes.  They  did  not  show  any  fault  in  the  mate¬ 
rial.  Neither  did  anything  appear  which  indicated  that  the  break¬ 
ages  were  continuous  or  that  the  time  element  figured  in  the  matter. 
There  is  much  we  do  not  know  and  we  do  not  know  how  we  are 
going  to  find  it  out.  We  know  that  normal  and  usual  tests  will  not 
reveal  all  the  facts. 

T.  J.  WiLKHRSON :  I  think  there  is  a  possible  change  of 
structure. 

John  Lyle  Harrington  :  That  there  has  been  some  change  of 
structure  in  the  wire  seems  highly  probable.  There  has  been  some 
change  in  the  formation  which  resulted  in  the  breakage.  What  it  is 
we  do  not  know. 
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K.  C.  Hartmann:'  l  should  like  to  ask  Mr.  Harrington  to 
what  extent  engineers  are  influenced  by  the  corrosion  and  fatigue  of 
metals  in  their  selection  of  design  stresses. 


John  Lyle  Harrington:  Engineers  have  always  been  fearful 
of  using  too  thin  material  because  of  the  presumption  that  the  owner 
would  neglect  to  maintain  the  structure.  They  have  allowed  a  cer¬ 
tain  amount  of  thickness  to  take  care  of  a  certain  amount  of  neglect,  a 
procedure  which  is  somewhat  justified.  Otherwise,  engineers  are  not 
interested  in  the  matter  of  corrosion,  for  all  metals  should  be  thor¬ 
oughly  protected.  It  is  true,  owners  neglect  their  structures.  I 
remember  a  few  years  ago  a  party  for  whom  I  was  designing  a  bridge 
asked  me  to  recommend  a  paint.  The  paint  he  had  did  not  last  any 
length  of  time.  I  said,  “Go  back  and  see  when  you  bought  the  last 
paint  that  was  used  on  any  of  your  county  bridges.”  He  found  the 
last  purchase  was  fourteen  years  before.  That  is  not  unusual.  None 
of  these  structures  can  live  without  maintenance.  The  idea  was 
prevalent  that  concrete  structures  did  not  need  maintenance.  We  now 
know  that  that  is  not  true.  They  do  require  maintenance  and  they 
are  pretty  hard  to  maintain.  But  in  the  choice  of  stresses,  reliance 
has  been  placed  upon  the  quality  of  material.  Results  of  tests  and 
results  in  service  form  the  best  basis  we  can  get  for  determining  mate¬ 
rials  and  stresses  to  be  used. 


In  the  determination  of  loads  we  have  this  eternal  problem  of 
impact  to  deal  with.  Investigations  of  railroad  impacts  have  been 
very  fully  carried  out.  In  highway  impacts  there  are  a  good  many 
conjectural  elements.  I  remember  a  bridge  engineer  on  the  Union 
Pacific  when  I  was  designing  a  highway  bridge  for  his  company 
said  to  me,  “Are  you  going  under  the  presumption  that  there  is  a  road 
roller  factory  at  one  end  of  the  bridge  and  a  continuous  line  of  rollers 
using  the  bridge?  The  road  roller  is  now  unimportant  in  compar¬ 
ison  with  the  heavy  truck.  The  impact  is  very  high  when  there  is  a 
break  in  the  pavement  causing  a  drop  of  one  or  two  inches.  A  break 
in  a  solid  truck  tire  will  cause  a  similar  impact  every  time  the  wheel 
goes  around.  1  have  seen  structures  subjected  to  all  kinds  of  punish 
ment,  manv  of  them  inexcusable. 


'Research  Engineer,  Aluminum  Co.  of  America,  New  Kensington,  Fa. 
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Should  the  engineer  design  for  gross  lack  of  maintenance?  That 
seems  unreasonable,  yet  lack  of  maintenance  leads  to  failure.  We 
were  called  in  to  report  upon  the  failure  of  a  bridge  at  Dayton,  Ohio, 
that  caused  us  to  marvel  that  it  stood  up  as  long  as  it  did.  To-day 
many  highway  bridges  are  carrying  loads  far  in  excess  of  anything 
that  was  likely  to  occur  when  the  bridge  was  designed,  but  it  seems 
doubtful  that  increase  in  loads  will  continue.  Many  states  limit  loads 
to  those  for  which  their  principal  roads  and  structures  were  designed, 
yet  occasional  heavier  loads  would  do  no  harm,  for  the  stresses  em¬ 
ployed  may  safely  be  exceeded  for  the  occasional  load.  In  dealing 
with  old  railroad  bridges,  every  engineer  has  allowed  stresses  he 
would  not  think  of  employing  in  a  new  structure.  Stresses  up  to 
22,000  pounds  per  square  inch  in  old  railroad  structures  are  not  at 
all  uncommon.  There  are  specifications  permitting  stresses  in  old 
structures  to  run  up  to  26,000  pounds. 

There  is  no  such  thing  as  fatigue  of  metals  within  normal  stress 
limits.  It  is  only  when  you  pass  normal  stress  limits  that  you  have 
fatigue.  In  the  tests  by  Professor  Moore  at  the  University  of  Illinois 
you  find  that  the  line  of  fracture  due  to  repeated  stresses  becomes  hori¬ 
zontal  at  a  very  few  million  applications.  Down  to  24,000  pounds 
you  can  apply  the  load  without  limit.  Applications  were  made  up  to 
10,000,000  without  any  evidence  of  deterioration  when  specimens 
were  later  subjected  to  microscopic  tests  and  to  the  normal  physical 
tests.  There  is  a  field  below  the  elastic  limit  and  above  the  safe  limit 
of  fatigue  that  is  good  for  a  certain  amount  of  stress,  not  too  often 
repeated,  but  sufficient  repetition  will  cause  slight  modification  in  the 
structure  and  ultimate  failure.  Below  that  point,  which  is  around 
24,000  pounds  in  carbon  steel,  no  amount  of  repetition  of  stress  will 
cause  failure. 

F.  S.  Merrill :*  A  previous  speaker  asked  about  adding  metal 
to  take  care  of  corrosion.  Our  company  has  investigated  a  lot  of 
bridges  and  viaducts  in  the  steel  plants  around  Pittsburgh  and  has 
found  it  decidedly  worth  while  to  put  in  good,  heavy  material  at  the 
piers.  Base-plates  and  end  stiffeners,  particularly,  rust  out  where  dirt 
collects  around  them.  Serious  failures  have  been  averted  only  by  find¬ 
ing  out  these  conditions  in  time  and  correcting  them. 

^Assistant  to  Division  Engineer,  American  Bridge  Co.,  Pittsburgh. 
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Mr.  Harrington’s  paper  refers  to  the  question  of  econorm  of 
cantilever  or  continuous  spans  compared  with  simple  spans.  In  ver\ 
many  cases  the  proper  type  to  use  depends  on  how  the  bridge  i>  to  be 
erected.  In  many  cases  we  have  to  change  the  design  of  a  bridge  due 
to  the  fact  that  falsework  could  not  be  counted  on  certainly,  either 
due  to  probable  high  water  or  ice  during  the  time  the  span  was  to  be 
erected,  or  to  the  necessity  of  keeping  a  clear  opening  for  river  traffic. 

If  a  bridge  has  to  be  erected  as  a  cantilever,  and  additional  mate¬ 
rial  furnished  near  the  piers  to  do  this,  it  is  usually  economical  to 
leave  this  material  in  the  bridge  and  make  the  finished  structure  a 
cantilever  or  continuous  type. 

J.  F.  Laboon,  Chairman  :*  1  do  not  happen  to  be  a  bridge  engi¬ 
neer,  but  I  was  wondering  whether  you  would  be  willing  to  enlighten 
us  as  to  your  opinion  as  to  the  cause  of  the  failure  of  the  Quebec 
bridge. 

John  Lyle  Harrington:  For  two  years,  1905  and  190b.  1 
was  chief  engineer  and  manager  of  the  American  Locomotive  plant  at 
Montreal.  We  had  a  bridge  shop  and  locomotive  shop.  \\  e  had  men 
competent  for  that  work.  One  of  these  men  afterwards  became  the 
secretary  of  the  Quebec  Bridge  Commission  and  had  a  hand  in  the 
work  from  beginning  to  end.  Unfortunately  he  has  gone  to  his  last 
reward.  We  talked  many  times  of  what  happened  to  the  bridge.  So 
did  a  number  of  other  engineers.  We  were  fully  convinced  as  to  what 
was  the  trouble.  We  did  not  have  to  go  outside  of  Pittsburgh  to  find 
out  why  the  first  bridge  failed.  The  direct  reason  of  failure  was 
simply  too  much  stress  in  the  material.  The  direct  stresses  at  the  time 
of  the  failure  were  about  18,000  pounds  per  square  inch  in  the  bottom 
chords.  The  indirect  stresses  due  to  the  fact  that  the  secondan 
stresses  had  not  been  considered  during  the  erection  period  were  quite 
as  great.  There  were  over  36,000  pounds  to  the  square  inch  in  carbon 
steel,  with  inadequate  bracing.  The  result  was  perfectly  plain.  These 
facts  were  determined  by  Paul  Wolfel.  In  his  judgment  that  was  wh\ 
it  failed.  In  the  case  of  the  second  failure,  it  seems  certain  that  the 
casting  on  which  the  shoe  rested  slipped  off  the  girder  which  supported 
it.  As  you  well  know,  a  truss  has  no  strength  unless  it  acts  in  the 
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plane.  It  did  not  act  in  the  plane.  The  picture  of  the  bridge,  as  it  was 
falling,  indicated  that  very  clearly.  Two  of  the  other  castings  for  a 
time  carried  double  the  normal  load  without  any  evidence  of  failure. 
1  hey  remained  intact  on  the  girders.  There  may  be  difference  of 
opinion  in  regard  to  the  matter,  but  in  my  mind  it  seems  certain  that 
the  girder  slipped  from  under  the  shoe.  The  center  of  the  pin  in  the 
shoe  and  in  the  first  link  of  the  suspending  chain  were  almost  on  the 
same  level,  hence  there  was  little  to  prevent  rotation. 

F.  R.  Shunthill:*  I  would  like  to  ask  what  consideration 
engineers  are  giving  to  the  vibration  of  bridges  due  to  wind  or  live 
loads.  What  1  have  in  mind  is  the  question  of  vibration  in  itself 
rather  than  its  effect  in  terms  of  stresses  or  physical  properties  of  the 
material.  Would  it  be  feasible,  for  instance,  to  design  a  bridge  so  that 
the  frequency  of  its  members,  or  the  members  taken  together,  would 
be  either  above  or  below  that  of  heavy  vehicles  running  at  normal 
speeds  ? 

John  Lyle  Harrington:  That  is  all  lumped  in  with  the  im¬ 
pact  allowances.  The  vibration  stresses  as  such  are  not  readily  deter¬ 
minate  and  they  are  cared  for  by  that  allowance,  as  a  great  many 
other  stresses  are.  You  have  a  field  where  you  are  dealing  with  an 
elastic  material  of  variable  quality,  but  variable  within  narrow  limits. 
Your  loads  are  variable.  The  good  material  is  somewhat  variable, 
and  your  impacts  are  more  variable.  Your  vibration  stresses  are  vari¬ 
able.  Nobody  knows  what  your  wind  stresses  are.  Investigation  by 
the  Institution  of  Civil  Engineers  showed  that  the  wind  loads 
were  decidedly  less  than  those  for  which  we  are  accustomed  to 
design.  Yet  in  the  interest  of  safety  we  design  for  heavy  wind  loads 
because  it  is  better  to  be  safe  than  sorry.  The  effects  of  these  uncer¬ 
tain  stresses  are  all  dumped  into  the  impact  stresses.  We  do  not  know 
just  what  they  will  be,  but  we  make  quite  liberal  allowance  for  them. 

We  stiffen  trusses  in  a  manner  wholly  foreign  to  the  old  de¬ 
signers.  The  old  bridge  over  the  Ohio  River  at  Henderson  has  just 
the  main  members,  and  not  a  transverse  sway  brace  in  any  truss  except 
one.  It  stands,  and  it  does  its  work,  because  some  of  the  theoretically 
possible  loads  or  combinations  of  them  never  occurred.  Trains  pass 


^Engineer,  Bureau  of  Bridges,  Allegheny  County.  Pittsburgh. 


19301 


DISCUSSION — BRIDGE  SUPERSTRUCTURES 


i  j 


over  it  at  low  speed,  greatly  reducing  impact  and  vibration  stresses 
and  rendering  it  safe  for  modern  traffic,  though  presumabh  at  higher 
stresses  than  current  practice  would  authorize. 

Referring  again  to  the  question  of  fatigue  of  materials,  our 
Interstate  Commerce  Commission  has  a  remarkable  theory  that  a 
bridge  superstructure  deteriorates  1/70  each  year.  Each  bridge  is 
worth  1/70  less  each  year  and  a  bridge  that  has  been  up  10  years 
is  worth  60/70  of  what  it  was  worth  when  it  started,  though  the 
loads  may  be  the  same,  the  material  may  be  the  same,  the  bridge  may 
be  identical  in  every  respect.  For  rate-making  purposes  the  Commis¬ 
sion  has  depreciated  according  to  a  straight-line  formula,  which  is. 
wholly  irrational,  yet  hundreds  of  bridges  on  thousands  of  miles  of 
roads  are  evaluated  on  that  basis.  That  is  on  the  theory  that  these 
bridges  will  have  to  be  taken  out  at  the  end  of  70  years.  We  know 
that  the  majority  of  bridges  are  taken  out  because  of  obsolescence  and 
not  because  of  depreciation  of  material. 

J.  Hammond  Smith:*  I  would  like  to  ask  Mr.  Harrington’s 
opinion  regarding  the  flexibility  of  structures  in  cases  where  higher 
unit  stresses  are  used.  As  we  increase  the  range  of  stress  in  any  struc¬ 
ture,  the  extent  of  distortion  or  deflection  is  generally  increased  in 
proportion.  In  riveted  trusses,  the  secondary  stresses  would  be  in¬ 
creased  accordingly  because  the  angles  between  the  members  would 
vary  over  wider  ranges,  thus  introducing  greater  flexural  stresses  in 
the  members. 

John  Lyle  Harrington:  That  again  is  a  matter  of  debate 
and  opinion.  That  problem  arose  on  the  bridges  for  the  Pennsylvania 
and  the  New  \  ork  Central  which  stand  side  by  side — one  of  nickel 
steel  and  one  of  carbon  steel.  The  Pennsylvania  objected  to  nickel 
steel  because  of  the  greater  deflection  in  the  trusses.  The  New  York 
Central  did  not  take  exception  to  that..  As  a  matter  of  fact  it  does 
not  make  any  difference  as  long  as  the  stresses  are  within  safe  limits. 
If  the  deflection  meant  stress  out  of  proportion  to  the  material,  it 
would  be  a  wholly  different  matter. 

In  examining  an  existing  railroad  bridge,  I  want  to  figure 
stresses  carefully  and  I  want  to  see  how  it  acts  laterally  as  much  as, 
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it  not  more  than,  vertically.  Calculation  of  stresses  will  give  me  what 
the  material  is  being  subjected  to,  but  the  lateral  deflection  particu¬ 
larly  will  tell  me  a  good  deal  about  the  qualities  of  its  design.  One 
of  the  things  that  made  railroad  engineers  turn  from  pin-connected 
trusses  to  riveted  trusses  was  the  greater  rigidity  of  the  latter,  espe¬ 
cially  when  overloaded.  1  had  occasion  to  examine  a  riveted  truss  span 
over  the  Minnesota  River  that  ought  by  all  the  rules  to  have  failed. 
The  members  did  not  come  to  a  center  at  joints  and  the  secondary 
stresses  were  large,  but  it  was  doing  its  work  without  distress; 
whereas  if  it  had  been  a  pin-connected  structure  subject  to  loose- 
jointed  movements  it  would  not  have  been  there.  \  ou  can  not  figure 
old  elevated  railroads  of  New  York  without  shock,  but  they  stand. 

J.  F.  Laboon,  Chairman :  Is  there  any  further  discussion?  If 
not,  on  behalf  of  the  Society  I  wish  to  thank  Mr.  Harrington  sin¬ 
cerely  for  his  very  interesting  paper,  and  to  invite  him  to  come  back  to 
the  afternoon  meeting. 


BRIDGE  ARCHITECTURE" 


By  Wilbur  J.  Watson+ 


It  may  seem  strange  that  an  engineer  should  presume  to  talk  on 
the  subject  of  bridge  architecture,  as  engineers  are  popularly  not 
supposed  to  he  particularly  interested  in  that  feature  of  bridge  con¬ 
struction.  The  popular  conception  of  an  engineer  is  a  man  who  deals 
only  with  the  exact  sciences,  particularly  with  mathematics.  It  has 
been  my  belief  for  many  years  that  this  conception  of  the  engineer  is 
not  what  it  should  be  and  that  all  engineers  having  to  do  with  the 
design  of  structures  should  either  be  trained  in  the  principles  of 
architecture  or  should  collaborate  with  architects  in  the  design  of 
their  structures. 


Several  years  ago  I  published  a  book  with  the  title  of  “Bridge 
Architecture’ +  and  immediately  many  of  my  friends  said,  “We  thought 
you  were  an  engineer.  What  do  you  know  of  art  or  architecture?’ 
My  answer  to  them  is  that  unless  the  engineer,  whose  technical 
training  best  fits  him  to  have  responsible  charge  of  the  design  and 
construction  of  bridges,  knows  something  of  the  underlying  prin¬ 
ciples  of  architecture  we  can  not  obtain  the  degree  of  attention  to 
esthetics,  or  pleasing  appearance,  which  the  time,  or  rather  an  en¬ 
lightened  public,  now  demands.  Granted  that  the  engineer  is  to 
retain  responsible  charge  of  the  design  and  construction  of  bridges, 
it  is  not  sufficient  that  he  should  collaborate  with  an  architect  who, 
in  his  turn,  has  had  no  training  in  engineering  principles.  The  result 
of  such  collaboration  in  the  past  has  usually  been  that  the  architect 
simply  ornaments  the  work  of  the  engineer  with  applied  decoration 
which  violates  the  basic  principle  of  good  architectural  design. 

In  this  connection,  allow  me  to  quote  the  following  from  Emer¬ 
son :  “The  beautiful  rests  on  the  foundations  of  the  necessary. ”  T  his 
will  be  the  text  of  my  discourse.  Our  lesson  is  from  a  recent  editorial 
in  the  Engineering  News-Record ,  “A  structure  should  express  its 
function,  as  a  whole  and  in  its  parts,  in  order  that  it  may  seem  what 
it  is  and  not  like  something  else.”  To  obtain  these  results,  1  believe 
that  it  is  absolutely  essential  that  the  bridge  engineer  must  himself 
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have  a  certain  amount  of  artistic  training,  even  though  he  continues 
to  collaborate  with  architects  in  the  design  of  his  work. 

Hitherto,  there  has  been  an  almost  exclusive  insistence  upon  the 
science  of  bridge  design  in  the  training  of  bridge  engineers,  with  the 
result  that  structures  designed  by  such  engineers,  without  the  collab¬ 
oration  of  trained  architects,  are  usually  devoid  of  art,  although 
marvels  of  science.  On  the  other  hand,  when  the  design  of  bridges 
has  been  entrusted  to  architects  alone,  or  in  responsible  capacity, 
science  has  usually  been  sadly  abused,  because  not  understood.  It 
would  seem  to  be  almost  self-evident  that  the  construction  of  struc¬ 
tures  such  as  bridges,  which  require  the  highest  scientific  skill,  should 
have  the  responsibility  for  their  design  and  execution  placed  in  the 
hands  of  engineers,  who  alone  have  the  proper  technical  training  to 
solve  the  scientific  problems  involved  as  well  as  the  practical  prob¬ 
lems,  and  that  the  architect  collaborating  with  the  engineer  should  do 
so  in  a  consulting  capacity.  As  long  as  the  community  was  satisfied 
with  bridges  that  were  frankly  and  only  utilitarian,  and  as  cheap  as 
could  be  built  and  serve  the  purpose,  usually  temporary  and  built  of 
materials  that  were  not  lasting,  the  practical-minded  engineer  was  all 
that  was  required. 

But  times  have  changed.  The  average  citizen  is  being  educated 
to  the  value  of  art  in  everything,  not  just  beautiful  pictures  to  hang 
on  one’s  wall,  but  art  that  puts  pleasure  in  parks,  gardens,  the  house 
we  live  in,  the  clothing  we  wear,  household  utensils,  and  in  every 
structure  we  build,  including  bridges.  We,  as  a  people,  are  simply 
becoming  more  civilized.  If  engineers  persist  in  building  structures 
that  do  not  meet  this  modern  demand,  there  is  danger  that  public 
officials,  always  sensitive  to  the  demands  of  the  people,  will  place  the 
responsible  charge  of  the  design  of  bridges  in  the  hands  of  architects 
instead  of  engineers,  which  is  not  as  it  should  be.  However,  we  can 
not  educate  engineers  in  the  principles  of  art,  or  persuade  them  to 
consult  with  architects  in  the  design  of  their  work,  unless  we  can  first 
interest  them  in  the  subject,  and  we  are  forced  to  admit  that  many 
engineers  are  simply  not  at  all  interested  in  things  which  are  artistic 
or  of  pleasing  appearance. 

In  this  connection,  it  may  be  of  interest  to  state  that  the  sales  of 
the  book  on  “Bridge  Architecture"  have  been  largely  to  architects, 
who  seem  to  have  a  much  keener  interest  in  the  subject  than  engineers, 
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although  this,  perhaps,  should  he  qualified  by  the  statement  that  it 
applies  to  the  American  sales  only.  The  foreign  sales  have  been  largeh 
to  engineers.  I  recently  took  the  trouble  to  look  over  the  list  of  sales 
with  the  publishers  in  order  to  ascertain  where  the  demand  for  the 
volume  was  coming  from  in  order  to  determine  the  parties  who  were 
most  interested  in  the  subject.  It  is  my  object  to-day  to  stimulate,  to 
as  great  an  extent  as  I  can,  the  interest  of  engineers  in  the  art  of 
bridge  design  and  I  know  of  no  better  place  to  start  than  here  in 
Pittsburgh  where  the  material  for  so  many  of  the  greatest  bridges  of 
the  world  is  manufactured  and  where  so  much  good  work  is  being 
done  in  bridge  design  for  your  own  use. 

The  art  of  bridge  design  is  not,  as  I  see  it,  purely  a  decorative 
art.  It  is  rather  a  knowledge,  or  a  feeling  of  propriety — an  educated 
sense  of  proportion,  of  pleasing  outlines  and  of  color,  with  or  without 
decoration  of  any  kind,  as  good  taste  dictates.  As  regards  appropri¬ 
ateness,  bridges  should  be  in  keeping  with  their  surroundings. 

Recently,  I  received  from  the  American  Institute  of  Steel  Con¬ 
struction  a  brochure  illustrating  some  prize  designs — the  result  of  a 
competition  conducted  by  them  through  the  Beaux-Arts  Institute  of 
Design.  The  first  prize  was  awarded  to  a  design  that  violates  utterly, 
to  my  mind,  the  basic  principles  of  bridge  architecture.  It  is  a  deck 
steel  structure  indicating  an  arrangement  of  truss  members  which  is 
most  unscientific  and  strikes  the  trained  bridge  engineer  very  dis¬ 
agreeably.  The  second  prize  design  is  a  little  better  as  regards  ar¬ 
rangement  of  truss  members,  but  indicates  cast-iron  decoration  applied 
to  these  members.  The  third  prize  design  shows  a  structure  which 
does  conform  to  good  engineering  principles. 

It  is  my  opinion  that  the  publication  of  this  booklet  and  its  circu¬ 
lation  among  engineers  will  do  far  more  harm  than  good,  in  that  it 
corroborates  the  already  existing  prejudice  on  the  part  of  engineers 
against  the  employment  of  architects  as  consultants  in  bridge  design. 

Just  now  there  is  considerable  criticism  of  the  design  of  the  new 
Hudson  River  bridge,  for  which  a  prominent  architect  has  been  en¬ 
gaged  to  assist  the  engineers  of  the  Port  of  New  York  Authority. 
This  architect  is  incasing  the  steel  towers  of  the  bridge  in  masonry, 
which  no  longer  expresses  the  function  of  such  a  tower.  When  the 
Brooklyn  bridge  was  built  across  the  East  River  at  New  \  ork,  the 
function  of  the  tower  was  best  expressed  by  masonry  towers,  but  that 
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is  no  longer  the  case,  and  it  is  mv  opinion  that  it  would  have  been  far 
better  to  leave  the  steel  for  these  towers  exposed,  modifying  the  design 
somewhat,  perhaps,  to  express  its  purpose  more  fully. 

I  have  selected  a  few  illustrations  of  recent  work,  largely  Pitts¬ 
burgh  work,  which,  1  hope,  will  emphasize  the  remarks  which  I  have 
been  making.  In  this  connection,  1  wish  to  express  my  pleasure  on 
reading  and  looking  over  the  illustrations  of  a  book  on  “The  Bridges 
of  Pittsburgh  '*  written  by  Joseph  White  of  the  Department  of 
Public  Works  of  Allegheny  County  and  M.  W.  von  Bernewitz,  con¬ 
taining  illustrations  of  many  of  your  most  beautiful  structures  here  in 
Pittsburgh. 

1  also  wish  to  thank  the  officers  of  the  American  Bridge  Com¬ 
pany,  the  McClintic  Marshall  Construction  Company,  and  the  Port 
of  New  ^  ork  Authority  for  photographs  from  which  the  lantern 
slides  used  with  this  paper  have  been  prepared. 

In  conclusion,  I  quote  from  the  translated  writings  of  Leonardo 
da  Vinci,  who  lived  in  the  fifteenth  century  and  who  has  been  called 
the  “Founder  of  Engineering,”  although  he  was  artist,  architect, 
and  scientist  as  well — “Experience  shows  the  way  to  practice;  science 
is  the  guide  to  art.” 


DISCUSSION 

J.  F.  Laboon,  Chairman  :t  We  have  the  foundations  built  and 
the  bridge  designed  and  we  want  a  little  architecture.  Will  somebody 
start  it? 

D.  C.  Seeley  :+  We  students  do  not  have  the  opportunity  of 
observing  things  from  as  practical  a  standpoint  as  senior  members  of 
the  Society,  and  our  views  at  present  are  mostly  those  which  we 
gather  from  our  studies  and  lectures. 

Last  spring  we  had  a  lecture  at  school  by  Mr.  Amman,  who 
served  on  the  construction  of  the  Hudson  River  bridge.  He  told  us 
that  the  towers  at  the  entrance  to  the  bridge  were  made  of  concrete 
in  order  that  they  might  conform  to  the  massive  nature  of  the  Pali¬ 
sades,  and  thus  improve  the  bridge  from  an  esthetic  standpoint. 

*The  Bridges  of  Pittsburgh.  113  p.  1928.  Cramer,  Pittsburgh. 

tj.  N.  Chester  Engineers,  Pittsburgh. 
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Wilbur  J.  Watson:  I  think  that  is  a  matter  of  individual 
taste.  Unfortunately  art  and  architecture  are  largely  matters  of  indi¬ 
vidual  taste.  I  have  been  told  that  masonry  was  adopted  to  inclose 
the  towers  in  order  to  harmonize  with  the  masonry  of  the  anchorage 
piers.  The  side  view  from  the  river  scarcely  shows  the  anchorage 
piers.  Looking  at  the  bridge  from  the  shore  adjacent  to  it  either  up 
or  down  stream  you  will  see  them  both  at  the  same  time.  1  would 
have  preferred  the  other  method,  using  exposed  steel  towers. 

\ 

C.  S.  Davis:*  I  have  listened,  with  much  interest,  to  the  address 
of  Mr.  Watson  and  wish  to  compliment  him  on  having  so  clearly  and 
concisely  stated  the  problems  confronting  the  bridge  engineer. 

For  emphasis  it  may  be  well  to  repeat  some  extracts  from  his 
address  and  to  show  their  relation  to  local  conditions: 

“All  engineers  having  to  do  with  the  design  of  structures  should  either 
be  trained  in  the  principles  of  architecture  or  should  collaborate  with  archi¬ 
tects  in  the  design  of  their  structures.” 

“A  structure  should  express  its  function,  as  a  whole  and  in  its  parts, 
in  order  that  it  may  seem  what  it  is  and  not  like  something  else.” 

“It  is  absolutely  essential  that  the  bridge  engineer  must  himself  have  a 
certain  amount  of  artistic  training.” 

Mr.  Watson  has  called  attention  to  what  may  be  expected  when 
the  engineer  fails  persistently  to  adopt  the  principles  which  have  just 
been  quoted.  This  may  be  well  illustrated  locally. 

For  some  time  previous  to  starting  an  extensive  bridge  building 
program  by  Allegheny  County,  several  architects  led  by  that  able  and 
noted  Director  of  the  Department  of  Fine  Arts,  of  the  Carnegie  Insti¬ 
tute,  Mr.  John  W.  Beatty,  in  order  to  secure  better  and  more  beau¬ 
tiful  bridges,  induced  the  county  commissioners  to  place  the  design  and 
construction  of  two  bridges  in  complete  charge  of  architects — the 
Washington  Crossing  and  the  Sixteenth  Street  bridges  over  the  Alle¬ 
gheny  River. 

In  the  case  of  the  Washington  Crossing  bridge  there  was  earnest 
co-operation  between  the  architect  and  the  engineer  to  the  end  that 
the  finished  structure  had  both  architectural  and  engineering  merit 
and  did  not  violate  the  principles  of  good  design. 

’Consulting  Engineer,  Pittsburgh. 
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The  original  design  for  the  Sixteenth  Street  bridge  had  much 
merit  but  on  account  of  navigation  requirements  and  for  other  reasons 
the  design  was  altered  with  the  result  that  the  finished  bridge  is  not 
free  from  conflict  with  the  principles  of  good  bridge  design.  The 
relative  proportions  of  the  center  and  side  spans  are  not  entirely  satis¬ 
factory.  I  he  spans,  being  of  simple  truss  construction,  having  the 
appearance  of  arches,  call  for  massive  pier  construction  instead  of  the 
slender  piers  at  the  ends  of  the  center  span,  as  built ;  clearly  a  viola¬ 
tion  of  the  principles  of  good  bridge  design.  In  the  original  design 
massive  pylons  were  placed  at  the  ends  of  the  center  span  and  were 
in  harmony  with  the  balance  of  the  structure.  For  some  reason  these 
pylons  were  transferred  to  the  shore  ends  of  the  bridge  with  disas¬ 
trous  results  in  its  general  appearance. 

Even  though  the  Sixth  Street  bridge  over  the  Allegheny  River 
received  the  award  of  the  American  Institute  of  Steel  Construction 
as  the  most  beautiful  bridge  built  in  1928,  I  have  the  temerity  to  say 
that  this  bridge  and  those  at  Seventh  Street  and  Ninth  Street  violate 
the  principles  of  good  bridge  design.  They  are  fictitious  structures, 
having  the  appearance  of  suspension  bridges  but  in  reality  being 
bridges  of  the  cantilever  type.  Suspension  bridges  call  for  massive 
anchorages  which  are  missing  in  these  structures.  Small  and  slender 
pylons,  lacking  all  appearance  of  mass,  are  ail  that  are  apparent  as 
anchorages  for  the  massive  cables  or  tension  chords  of  the  trusses. 
The  lines  of  the  portals,  which  are  of  massive  construction,  indicate 
weakness  but  these  are  of  minor  consideration  as  compared  with  the 
fictitious  character  of  these  bridges. 

There  is  another  recent  example  of  the  violation  of  the  principles 
of  good  bridge  design — one  that  has  been  severely  criticized  by  many 
persons  not  trained  in  engineering  or  architecture.  This  structure 
reminds  me  of  an  abortive  attempt  to  create  a  new  and  monstrous 
type  of  structure.  I  will  leave  it  to  you  to  answer  the  question  as  to 
what  bridge  this  is. 

I  thoroughly  agree  with  Mr.  Watson  in  his  opinion  of  the  com¬ 
petition  conducted  by  the  American  Institute  of  Steel  Construction 
through  the  Beaux-Arts  Institute.  The  purpose  is  commendable  but 
the  results  are  ludicrous. 
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T.  J.  WlLKERSON  We  were  hampered  by  the  Art  Commis¬ 
sion  and  the  architects.  The  engineers  had  to  submit  a  de>ign  that 
they  would  pass. 

J.  F.  La  BOO  X,  Chairman :  I  think  this  meeting  will  go  down  in 
history  as  discussion  of  a  question  as  to  whether  they  are  suspension 
or  cantilever  bridges. 

T.  J.  Wilkersox  :  They  were  designed  by  the  suspension 
theory.  The  main  roadway  is  suspended  from  a  cable. 

C.  S.  Davis:  A  few  days  ago  I  was  told  something  that  will 
possibly  clear  up  the  whole  situation.  I  was  told  that  all  members 
above  the  floor  were  always  in  tension  and  therefore  it  was  a  suspen¬ 
sion  bridge. 

E.  Bjorkluxd,  Jr.:+  The  speaker  referred  to  co-operation  be¬ 
tween  architects  and  engineers.  I  would  like  to  ask  how  that  may  be 
accomplished. 

Wilbur  J.  Watsox:  The  idea  I  tried  to  convey  was  that  two 
men  of  radically  different  training  can  not  collaborate  satisfactorily 
unless  each  one  has  to  a  certain  extent  the  viewpoint  of  the  other.  If 
they  occupy  absolutely  different  fields  they  may  have  no  appreciation 
of  each  other’s  province  and  can  not  properly  collaborate  because 
there  is  no  mutual  sympathy.  It  is  a  psychological  problem  rather 
than  a  scientific  one. 

E.  Bjorkluxd,  Jr.:  I  realize  that  at  present  the  co-operation 
is  not  as  great  as  is  desirable  and  I  would  like  to  know  what  Mr. 
Watson  thinks  can  be  done  to  increase  the  co-operation  between  archi¬ 
tects  and  engineers. 

Wilbur  J.  Watsox:  I  think  it  should  be  taught  in  the  schools. 
I  am  more  or  less  familiar  with  educational  methods  in  both  engi¬ 
neering  and  architecture,  and  I  think  the  engineer  should  be  taught 
more  of  the  basic  principles  of  art  and  the  architect  should  be  taught 
more  of  the  basic  principles  of  science. 

‘Consulting  Engineer,  Beaver  Falls.  Pa. 

tStudent,  Carnegie  Institute  of  Technology,  Pittsburgh. 


84  PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA.  [Mar. 

J.  L.  Harrington  1  he  question  of  whether  the  engineer’s  or 
the  architect’s  views  should  prevail  in  matters  of  appearance  is  some¬ 
times  very  difficult  to  settle.  The  architect’s  opinion  prevails  in  the 
Washington  Memorial  bridge  at  Washington,  now  under  construc¬ 
tion.  One  of  the  most  expert  firms  in  New  York  fixed  the  form  of 
the  arches  between  the  center  movable  span  and  the  ends.  The  engi¬ 
neers  could  find  no  material  that  would  sustain  the  stresses  that  that 
form  involved.  Of  course  science  had  to  have  its  way  and  the  form 
had  to  he  modified. 

It  is  true  there  is  a  marked  and  continuing  difference  between 
architects  and  engineers  on  bridge  design.  1  see  no  possible  way 
to  eliminate  that  difference,  because  it  is  fundamental  to  the  two 
professions.  One  is  a  closed  profession,  with  all  the  assurance  of  the 
members  of  a  closed  profession.  The  other  is  an  open  profession, 
where  any  man's  opinion  goes  and  any  one  is  entitled  to  express  his 
opinion.  There  are  times,  of  course,  when  the  architect  and  the  engi¬ 
neer  can  get  together  and  co-operate  in  harmony,  but  they  are  excep¬ 
tional.  and  there  is  always  the  greatest  question  whether  there  will  be 
close  co-operation  between  architect  and  engineer. 

I  went  to  see  one  of  your  prize  plans  in  Pittsburgh  when  it  was 
in  the  inceptive  stage,  when  the  architect  was  chosen  to  insure  the 
beauty  of  the  structure,  and  I  will  say  frankly  that  the  structure 
would  have  fallen  down  had  it  been  built  as  that  particular  drawing 
showed.  The  architect  happens  to  be  one  of  my  school  friends  and 
there  is  no  criticism  of  him  as  an  architect.  He  simply  did  not  know 
bridge  design,  and  the  structure  simply  could  not  have  stood  had  not 
some  engineer  taken  the  design  in  hand. 

I  will  agree  with  Mr.  Watson,  the  engineer  ought' to  have  his 
taste  cultivated,  and  the  architect  ought  to  have  more  science,  and  this 
ought  to  be  done  as  far  as  may  be  done,  in  the  schools,  if  you  can  find 
time  for  it.  But  the  engineering  student  has  more  than  he  can  accom¬ 
plish  now  and  1  do  not  know  what  he  is  going  to  do  when  you  add 
to  his  burdens.  All  of  us  ought  to  do  a  great  deal  more  than  we  do, 
but  1  do  not  know  how  to  insure  that  we  do  it.  All  of  us  ought  to 
have  a  great  deal  more  training  in  architectural  taste,  but  the  time 
is  not  available  for  it.  How  we  are  going  to  bring  about  improve¬ 
ment  under  present  conditions;  how  the  closed  profession  can  be 


*  Harrington  and  Cortelyou,  Kansas  City,  Mo. 
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induced  to  co-operate  sincerely  with  the  open  profes>ion — an  open 
profession  that  can  not  easily  co-operate  within  itself — I  do  not  know. 

S.  C.  Hulse:*  Nobody  seems  to  have  mentioned  the  Bear 

Mountain  bridge. 

Wilbur  J.  Watson:  That  was  a  problem  of  decoration. 

S.  C.  Hulse:  It  is  a  matter  of  decoration  that  interests  me. 
When  I  first  saw  that  bridge  it  was  not  quite  completed.  You  re¬ 
member  that  on  one  bank  of  the  Hudson  at  this  point  there  i^  a  beau¬ 
tiful  mountain  of  almost  naked  rock  of  many  lovelv  colors  and  on 
the  opposite  bank  the  hills  are  heavily  forested.  There  are  steamboats 
on  the  river.  There  is  something  of  a  holiday  air  about  the  place, 
especially  on  Sundays.  As  I  first  saw  the  bridge,  the  main  cables  were 
a  brilliant  red  and  the  rest  of  the  structure  had  been  painted  black. 
Of  course  the  cables  were  still  in  their  priming  coat  but  they  stood 
out  from  the  rest  of  the  black  structure  and  were  emphasized  and 
certainly  did  not,  while  adding  to  the  beauty  of  the  bridge  and  its 
setting,  detract  from  the  dignity  of  the  great  span.  I  was  at  the  time 
in  the  company  of  a  distinguished  landscape  painter  from  New  'l  ork 
and  his  comment  was,  “Well,  for  once,  some  Americans  have  not  been 
afraid  to  be  a  little  gay  about  a  serious  matter.  Do  you  suppose  they 
will  have  sense  enough  to  leave  it  that  way?"  The  next  time  we  saw 
the  bridge  the  cables  were  black  and  it  looked  just  like  any  other 
bridge — the  brightness  was  gone. 

P.  W.  Price  :+  I  remember  very  distinctly  talking  w  ith  one  of 
the  engineers  connected  with  the  design  and  construction  of  the 
Philadelphia-Camden  bridge.  In  this  case  a  well  known  architect 
was  employed  bv  the  Bridge  Commission  in  a  consulting  capacity. 
It  was  so  arranged  that  final  decisions  affecting  architectural  treat¬ 
ment  would  always  rest  with  the  chief  engineer  who  was  also  Chair¬ 
man  of  the  Board  of  Engineers  for  the  Delaware  River  Bridge  Joint 
Commission. 

Their  first  problem  was  that  of  type  and  questions  of  general 
design  affecting  the  appearance  of  the  bridge  as  a  whole.  \\  hen  these 

^District  Manager,  Foundation  Co.,  Pittsburgh. 

T  Assistant  Construction  Engineer,  Bureau  of  Bridges,  Department  of  Public  W\  rk', 
Allegheny  County,  Pittsburgh. 
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matters  were  settled  to  the  satisfaction  of  the  Commission  and  with 
the  assistance  of  the  architect,  many  questions  arose  as  to  proper 
design  of  important  details  affecting  both  structural  design  and  archi¬ 
tectural  treatment.  One  case  in  particular  caused  considerable  dis¬ 
cussion.  This  was  the  form  of  bracing  to  be  used  between  the  posts 
of  the  main  towers.  The  architect  favored  one  design,  but  the  engi¬ 
neers  were  strongly  in  favor  of  something  more  typical  of  good 
engineering  practice  in  steel  structures.  The  final  decision  was  made 
by  Mr.  Modjeski  after  giving  due  consideration  to  all  designs  sub¬ 
mitted  by  both  the  engineers  and  the  architect. 

This  represents  what,  to  my  mind,  is  the  proper  function  of  an 
architect  in  bridge  design.  His  advice  and  co-operation  should  always 
be  available  on  all  types  of  bridges  both  large  and  small,  where  beauty 
of  general  lines  and  in  details  is  sought,  but  his  function  should  always 
be  of  secondary  importance  to  that  of  the  engineer  who  is  responsible 
for  the  job  as  a  whole.  The  general  type  of  structure  should  almost 
always  be  left  to  the  engineer,  especially  if  the  cost  of  the  structure 
is  in  any  way  limited  or  if  other  special  conditions  such  as  horizontal 
and  vertical  clearances,  or  permissible  methods  of  erection  are  so  fixed 
that  they  practically  determine  the  type  that  can  be  considered  for  a 
given  location. 

In  many  cases  the  best  service  that  an  architect  can  render  is 
confined  largely  to  a  study  of  details  relating  to  a  pleasing  combina¬ 
tion  of  structural  steel  members,  both  as  to  beauty  and  in  general 
lines  and  in  details.  This  applies  also  to  lines  and  details  of  the 
masonry  substructure  and  approaches  to  a  steel  bridge.  When  the 
design  is  carried  out  wholly  in  reinforced  concrete  the  same  principles 
apply.  It  is  more  the  function  of  the  architect  to  suggest  pleasing 
proportions  of  line  and  mass  according  to  fundamental  principles  of 
good  architecture  than  to  spend  a  lot  of  time  and  money  on  special 
architectural  additions  to  the  general  design  which  are  often  rela¬ 
tively  unimportant  and  often,  in  fact,  unnecessary  and  even  detri¬ 
mental  to  the  appearance  of  the  bridge  as  a  whole.  If  these  so  called 
“decorations”  are  added  by  architects  to  a  structure  which  is  funda¬ 
mentally  wrong  from  the  standpoint  of  beauty,  the  effect  is  even 
worse.  In  other  words,  the  architect  should  have  been  consulted 
during  the  period  of  general  design  in  an  effort  to  secure  the  most 
pleasing  structure  as  a  whole.  Then  the  matter  of  how  much  or  how 
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little  “decoration”  is  added  is  often  a  matter  of  cost  or  good  taste,  or 
both.  Generally  speaking,  the  less  ornamentation  added  to  a  struc¬ 
ture  which  already  well  expresses  its  function  and  is  pleasing  to  the 
eye,  the  better  will  he  the  effect  as  a  whole. 

I  am  a  great  believer  in  careful  attention  to  the  design  of  details 
both  in  structural  steel  and  masonry  in  order  to  obtain  a  pleasing 
appearance.  This  matter  is  often  overlooked  in  bridge  design.  Many 
times  it  is  not  a  matter  of  cost  alone  that  determines  between  good 
design  and  poor  design  in  the  important  matter  of  securing  a  pleasing 
structure;  and  that  is  what  both  engineers  and  architects  should  strive 
to  attain  within  the  physical  and  financial  limitations  which  are 
nearly  always  present  and  always  to  some  extent  affect  design. 

While  discussing  bridge  architecture  and  the  relation  of  engi¬ 
neers  and  architects  engaged  on  such  work  it  might  be  well  to  state 
that  the  practice  of  the  Department  of  Public  AVorks  of  Allegheny 
Count}',  with  which  1  am  connected,  is  now  substantially  as  outlined 
above.  There  is  a  Bureau  of  Architecture  in  charge  of  a  competent 
registered  architect  and  this  bureau  is  called  on  for  advice  and  assist¬ 
ance  in  the  study  of  our  more  important  bridges.  The  County  Archi¬ 
tect  and  the  Chief  Engineer  of  the  Bureau  of  Bridges  report  to  the 
Director  of  the  Department  of  Public  Works. 

In  any  case  where  there  might  be  a  decided  difference  of  opinion 
between  these  two  bureaus  involving  questions  of  type  or  detailed 
design,  the  matter  would  be  referred  to  the  Director  for  decision. 
The  Director  of  this  department  is,  and  1  hope  always  will  be,  an 
engineer  whose  good  judgment  can  be  trusted  to  adopt  for  our  future 
bridges  such  designs  as  will  compare  favorably  with  those  recently 
built  by  Allegheny  County.  One  of  our  recent  bridges  has  received 
national  recognition  and  award  of  merit  as  the  most  beautiful  steel 
bridge  built  during  the  year  1928. 

C.  N.  Haggart:*  While  we  are  getting  money  to  improve  the 
appearance  of  the  bridge,  1  believe  we  should  also  endeavor  to  obtain 
the  money  to  improve  the  immediate  surroundings  of  a  bridge. 

Very  often  bridges  that  in  themselves  are  pleasing  to  the  eye, 
have  their  beauty  somewhat  marred  by  the  unsightly  appearance  of 
the  vicinity  of  the  approaches.  The  river  banks  or  the  water  edges 


^Consulting  Structural  Engineer,  Pittsburgh. 
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may  be  unsightly  or  the  ground  around  the  approach  to  the  bridge 
may  be  littered  with  debris  or  refuse.  The  ground  at  approaches 
may  also  be  uneven  and  should  be  improved  by  grading  and  smooth¬ 
ing  the  slopes.  Trees  and  shrubbery  might  likewise  be  planted  to 
improve  the  landscape. 

The  extent  to  which  such  improvement  might  be  carried  out, 
would  depend  on  the  size  and  location  of  the  bridge,  but  in  each  case, 
I  believe,  it  should  be  the  duty  of  every  bridge  engineer  to  endeavor 
to  get  money  for  such  purposes  and  to  cultivate  public  opinion  to 
help  along  such  improvements.  • 

Norman  F.  Brown  :*  In  the  open  discussion  following  the 
presentation  of  this  paper,  Mr.  C.  S.  Davis,  a  local  engineer,  voiced 
before  this  Society  certain  misleading  statements  concerning  the  design 
of  the  Sixth  Street  and  Point  bridges,  which  I,  as  Director  of  the 
Department  of  Public  Works  of  Allegheny  County,  feel  should  be 
refuted,  in  all  justice  to  the  engineers  of  the  Bridge  Department  who 
have  worked  so  industriously  and  conscientiously  on  these  structures; 
and  who,  in  my  opinion,  -deserve  considerable  credit  for  their  efforts. 
I  submit  herewith  letters  from  some  of  the  responsible  heads  of 
departments  in  answer  to  these  criticisms. 

As  for  me,  I  should  like  to  quote  the  remarks  of  Mr.  Davis: 

“Even  though  the  Sixth  Street  bridge  over  the  Allegheny  River  received 
the  award  of  the  American  Institute  of  Steel  Construction  as  being  the  most 
beautiful  bridge  built  in  1928,  I  have  the  temerity  to  say  that  this  bridge  and 
those  at  Seventh  Street  and  Ninth  Street  violate  the  principles  of  good  bridge 
design.  They  are  fictitious  structures,  having  the  appearance  of  suspension 
bridges  but  in  reality  being  bridges  of  the  cantilever  type.  Suspension  bridges 
call  for  massive  anchorages,  which  are  missing  in  these  structures.  Small 
and  slender  pylons,  lacking  all  appearance  of  mass,  are  all  that  are  apparent 
as  anchorages  for  the  massive  cables  or  tension  chords  of  the  trusses.  The 
lines  of  the  portals,  which  are  of  massive  construction,  indicate  weakness  but 
these  are  of  minor  consideration  as  compared  with  the  fictitious  character  of 
these  bridges. 

There  is  another  recent  example  of  the  violation  of  the  principle  of 
good  bridge  design — one  that  has  been  severely  criticized  by  many  persons  not 
trained  in  engineering  or  architecture.  This  structure  reminds  me  of  an 
abortive  attempt  to  create  a  new  and  monstrous  type  of  structure.  I  will 
leave  it  to  you  to  answer  the  question  as  to  what  bridge  this  is." 

*  Director,  Department  of  Public  Works  of  Allegheny  County,  Pittsburgh. 
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It  is  deplorable,  almost  to  the  extent  of  sympathy,  that  these 
expressions,  so  apparently  misleading,  should  have  gone  unchallenged 
by  others  than  engineers  of  our  own  Department  of  Public  Works. 
The  very  definition  of  a  suspension  bridge  is  inherent  in  the  design 
of  the  Sixth  Street,  Seventh  Street,  and  Ninth  Street  bridges,  and  is 
substantiated  and  exemplified  in  the  architecture  and  use  of  the  mate¬ 
rials  of  construction.  These  structures  are  truly  suspension  bridges, 
scientifically  correct  from  an  engineering  standpoint,  and  they  archi¬ 
tecturally  exemplify  the  inrended  purpose  of  the  structures  and  the 
functioning  of  the  various  members. 

The  Point  bridge  is  a  cantilever  structure  and  is  in  reality  a  very 
successful  creation  of  a  type  of  bridge  primarily  intended  not  only 
to  produce  an  economic  structure,  but  also  to  be  in  keeping  with  the 
architectural  precedent  established  by  the  existing  Manchester  bridge. 
Much  study  was  given  to  the  architectural  appearance  of  this  bridge 
by  the  Pittsburgh  Art  Commission  and  our  County  Department  of 
Architecture,  with  the  idea  of  constructing  a  bridge  in  harmony  with 
the  Manchester  bridge,  and  not  considering  it  alone  or  as  an  indi¬ 
vidual  structure. 

It  is  consoling  to  note,  however,  that  the  adverse  expressions 
relating  to  these  bridges  came  entirely  from  an  individual,  voiced  as 
personal  expressions  only  and  entirely  without  substantiating  facts  of 
his  own  or  without  any  supporting  expressions  of  the  professional  engi¬ 
neering  talent  in  attendance  at  this  meeting. 

Herewith  are  the  statements  of  three  bridge  engineers  of  this 
department.  These  three  engineers  represent  the  type,  design,  and 
execution  of  these  bridges  and  their  statements  should  be  of  para¬ 
mount  importance  when  engineering  design  and  construction  are  con¬ 
sidered. 

As  to  architecture,  I  would  call  the  attention  of  the  Society  to 
the  fact  that  the  Department  of  Public  Works  maintains  within  its 
organization  a  well  established  Bureau  of  Architecture,  which  func¬ 
tions  in  co-operation  with  the  Bureau  of  Bridges  in  the  design  and 
lay-out  of  all  County  bridges.  While  I  do  not  believe  that  the  engi¬ 
neers  of  this  Society  have  ever  felt  that  these  bridges  “violate  the 
principles  of  good  design,’’  as  expressed  by  Mr.  Davis,  l  do  hold  that 
such  radical  expressions  are  not  conducive  to  the  best  intended  pur¬ 
pose  of  the  Society,  and,  consequently,  should  be  eradicated.  I  there- 
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fore  suggest  that  this  communication  be  incorporated  with  the  regular 
discussion  of  Air.  Watson’s  paper. 

In  conclusion,  I  offer  the  files,  drawings,  design  calculations  and 
other  data  covering  these  structures  for  the  inspection  of  the  Society 
or  individual  engineers  interested  in  the  subject. 

T.  J.  Wilkerson:*  Air.  Davis,  in  his  discussion,  states  that 
the  bridges  at  Sixth,  Seventh  and  Ninth  streets  are  “fictitious  struc¬ 
tures,  having  the  appearance  of  suspension  bridges  but  in  reality  being 
bridges  of  the  cantilever  type.”  Had  Air.  Davis  taken  the  trouble 
to  examine  these  structures  carefully,  it  is  not  likely  he  would  have 
made  such  an  error. 

Cantilever  bridges  are  not  built  as  three  continuous  spans  over 
four  supports  in  a  unit,  such  as  these  spans.  Cantilever  spans  must  be 
provided  with  web  members  capable  of  transferring  diagonal  shear 
between  the  chords.  These  bridges  have  no  such  members.  All  the 
web  members  are  vertical  hangers  capable  of  taking  vertical  loads 
only.  Furthermore,  were  they  of  the  cantilever  type,  having  the  end 
spans  anchored  to  the  piers  to  resist  reaction  and  uplift  and  being  a 
unit  without  joints  to  permit  vertical  rotation,  the  cable  could  be 
severed  at  the  center  of  the  central  span  without  the  structure  being 
weakened,  which  is  not  the  case  with  these  bridges.  If  they  were  not 
what  they  appear  (true  suspension  bridges)  they  would  come  nearer 
to  complying  with  the  requirements  of  continuous  girder  over  four 
supports. 

Mr.  Davis  contends,  because  there  are  no  massive  visible  ma¬ 
sonry  anchorages  at  the  visible  termination  of  the  cables,  that  they 
violate  the  requirements  of  a  suspension  bridge.  It  is  well  that  every 
one  does  not  agree  with  him ;  if  they  did,  progress  in  new  types  of 
bridge  architecture  would  be  very  much  retarded. 

The  question  as  to  what  constitutes  a  suspension  bridge  is  very 
well  answered  by  Merriman  and  Jacobyt  in  their  historical  notes  on 
suspension  bridges  in  which  they  state  that  the  first  true  suspension 
bridge  in  this  country  was  erected  by  James  Finley  in  1801  across 
Jacobs  Creek  near  Greensburg,  Pa.,  and  describe  it  as  having  the 
roadway  nearly  horizontal,  and  hung  from  the  chains  by  vertical  rods, 

•Consulting  Engineer.  Beaver  Falls,  Pa. 

tText-book  on  Roofs  and  Bridges,  pt.  4,  Ed.  3,  1907,  p.  122. 
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while  the  chains  themselves  passed  over  the  towers  and  by  means  of 
backstays  were  anchored  to  the  rock,  only  that  part  between  the 
towers  being  suspended  from  the  cables. 

It  is  therefore  evident  that  any  structure  depending  for  its  car¬ 
rying  capacity  upon  a  cable  or  eye-bar  chain  suspended  between  towers 
from  which  by  vertical  suspenders  it  carries  the  loads — such  as  stif¬ 
fening  truss  or  girder,  Hoor  system  and  live  loads — is  truly  a  suspen¬ 
sion  bridge,  regardless  of  how  the  cables  are  anchored  against  their 
horizontal  pull. 

\ 

George  S.  Richardsox:*  Mr.  Harrington  and  Mr.  Davis 
referred  to  the  Allegheny  River  bridges  as  being  of  the  cantilever 
type.  As  these  gentlemen  state,  the  classification  is  a  matter  of  defini¬ 
tion,  but  as  a  matter  of  common-sense  each  type  must  be  defined  in 
such  a  manner  that  the  name  reveals  the  principal  characteristics  of 
the  structure. 

Take  the  Sixth  Street  bridge  as  an  example.  The  principal  ele¬ 
ments  of  this  structure  are  as  follows: 

1.  The  main  carrying  member  is  an  eye-bar  chain  having  the 
usual  form  of  cable  or  chain  for  the  suspension  bridge  and 
supported  at  the  main  piers  by  steel  towers. 

2.  The  floor  system  is  suspended  from  this  chain  by  hangers. 

3.  The  system  is  stiffened  by  a  girder  continuous  for  the  three 
spans  of  the  bridge. 

4.  The  chain  pull  is  resisted  bv  an  anchorage  taking  the  vertical 
component,  with  the  horizontal  component  carried  by  the 
stiffening  girder. 

If  these  elements  are  compared  with  those  of  the  regular  type  of 
suspension  bridge  with  continuous  stiffening  girder,  they  are  found  to 
be  exactly  the  same  with  the  one  exception  that  the  horizontal  com¬ 
ponent  of  the  chain  pull  is  not  carried  into  the  anchorage.  By  a 
common-sense  definition  it  must  be  considered  a  modified  form  of  sus¬ 
pension  bridge.  A  great  many  engineers  have  defined  this  type  as  a 
self-anchored  suspension  bridge.  This  term  at  once  reveals  the  char¬ 
acteristics  of  the  structure. 

*  Assistant  Engineer  of  Bridge  Design,  Allegheny  County,  Pittsburgh. 
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What  are  the  elements  of  the  cantilever  type?  In  its  simplest 
typical  form,  they  are  as  follows: 

1.  The  main  carrying  member  is  a  truss  or  girder. 

2.  From  each  anchor  arm  forming  the  end  spans,  a  cantilever 
arm  projects  out  from  the  main  pier  supporting  a  suspended 
span. 

3.  The  cantilever  arms  and  suspended  spans  are  joined  by  hinges 
which  resist  shear  but  do  not  resist  moment. 

4.  The  vertical  uplift  at  the  ends  of  the  structure  is  resisted 
by  an  anchorage. 

Considering  the  possible  modified  forms,  it  is  found  that  there 
are  numerous  arrangements  of  spans  and  the  above  is  only  the  usual 
form.  In  the  three-span  lay-out,  the  suspended  span  may  be  omitted 
but  one  hinge  must  be  retained  or  the  structure  becomes  a  continuous 
truss  or  girder.  The  center  span  may  be  made  an  anchor  span,  in 
which  case  there  will  be  a  cantilever  arm  and  a  suspended  span  in  each 
end  span.  With  this  arrangement  of  spans,  it  is  possible  that  no 
anchorage  will  be  required,  and  in  the  first  form  no  anchorage  w  ill 
be  required  if  the  anchor  arms  are  exceptionally  long.  The  anchorage 
is  not  an  essential  element  of  the  cantilever  type  of  construction. 

The  Sixth  Street  bridge,  by  a  common-sense  definition,  is  not  a 
cantilever.  The  main  carrying  member  is  an  eye-bar  chain — not  a 
truss  or  girder.  It  does  not  have  a  system  of  web  members  to  resist 
shear.  It  does  not  have  a  hinged  joint  in  the  main  span,  as  the 
cantilever  without  suspended  span  would  have,  or  two  such  joints  as 
the  simplest  form  of  cantilever  would  have.  It  has  only  one  point  in 
common  with  the  usual  cantilever  form — an  anchorage  to  take  a  ver¬ 
tical  uplift — and,  as  pointed  out,  such  an  anchorage  is  not  an  essential 
element  of  cantilever  construction  and  is  not  necessary  with  certain 
arrangements  of  spans.  To  call  this  bridge  a  cantilever  is  to  give  it  a 
name  which  is  completely  misleading. 

A.  D.  Nutter:*  Mr.  C.  S.  Davis  says  that  the  three  new 
bridges  over  the  Allegheny  River  at  Pittsburgh  ‘‘are  fictitious  struc¬ 
tures,  having  the  appearance  of  suspension  bridges  but  in  reality  being 
bridges  of  the  cantilever  type." 


^Engineer  of  Bridge  Design,  Allegheny  County,  Pittsburgh. 
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The  claim  that  they  are  in  reality  bridges  of  the  cantilever  type 
is  rather  astounding.  His  definition  of  a  suspension  bridge  must  be 
such  as  to  exclude  the  Sixth  Street  bridge  type,  but  I  believe  there  are 
very  few  bridge  engineers  who  will  not  agree  with  the  dictionary 
(Webster’s)  definition  that  a  suspension  bridge  is  “A  bridge  which 
has  its  roadway  suspended  usually  by  vertical  rods  from  a  freely  sup¬ 
ported  cable  or  cables.”  This  expresses  fully  the  essential  character¬ 
istic  of  a  suspension  bridge — that  is,  a  suspended  roadway  on  a  freely 
supported  cable;  the  matter  of  anchorage,  whether  it  be  external  or 
internal,  or  the  presence  of  stiffening  trusses  or  girders,  is  not  neces¬ 
sary  to  define  this  type. 

Accepting  now  this  common-sense  idea  and  definition  of  a  sus¬ 
pension  bridge,  there  should  be  no  question  that  the  Sixth  Street 
bridge  fulfils  this  requirement.  The  floor  is  suspended  directly  from 
freely  supported  cables  which  transfer  practically  the  whole  load  to 
the  supports.  Surely  this  is  not  after  the  manner  of  cantilevers. 

The  statement  that  they  are  fictitious  structures  requires  little 
more  to  be  said  for  its  refutation.  It  has  been  shown  that  they  are 
suspension  structures  by  a  common-sense  and  generally  accepted  defi¬ 
nition.  The  only  change  from  the  typical  form  consists  in  anchoring 
the  cables  to  the  stiffening  system  instead  of  an  external  support  and 
this  has  not  changed  the  type  of  the  structure  from  suspension  to 
something  else ;  it  has  merely  introduced  the  idea  of  resisting  the 
horizontal  component  of  the  cable  reaction  within  the  structure  itself 
between  the  ends  of  the  cable.  This  is  a  modification  of  the  typical 
form  and  has  been  named  “self  anchored,”  as  it  very  aptly  describes 
the  construction  and  differentiates  it  from  the  usual  form. 

Suspension  bridges  do  not  necessarily  call  for  visible  massive  an¬ 
chorages;  in  fact,  the  anchorage  masonry  need  be  no  more  massive 
than  might  be  used  for  a  simple  span.  This  is  particularly  well  shown 
in  W.  Tierney  Clark’s  Budapest  suspension  bridge.  The  self-anchored 
type  could  be  substituted  between  his  anchorages,  they  serving  in  the 
latter  case,  not  as  anchorages,  but  simply  as  filled  abutments. 

If  the  short  spans  at  the  ends  of  the  Allegheny  River  bridges 
were  not  required  for  intended  future  developments,  I  doubt  very 
much  whether  there  would  have  been  any  criticism  on  anchorages. 
Massive  anchorages  are  not  required  for  a  suspension  bridge  having 
a  channel  clearance  of  approximately  only  fifty  feet.  Since  there  is 
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nothing  but  a  vertical  reaction  at  the  ends  of  the  cables  to  be  pro¬ 
vided  for  by  the  masonry,  the  pylons,  if  anything  but  slender,  would 
be  fictitious. 

The  charge  that  the  self-anchored  suspension  bridge  is  a  canti¬ 
lever  bridge  has  been  made  apparently  with  little  thought  having  been 
given  to  the  internal  stresses  and  reactions  of  the  two  types.  There  is 
no  similarity  between  the  two ;  there  are  no  points  in  common  which 
should  cause  one  to  be  mistaken  for  the  other. 

In  a  cantilever  structure,  the  loads  are  carried  to  the  supports 
by  the  main  trusses  or  girders  through  the  action  of  shear,  and  the 
reactions  are  vertical ;  in  the  suspension  bridge  and  the  self-anchored 
suspension  bridge,  the  loads  are  carried  to  the  supports  by  tension  in 
the  cable,  and  the  end  reactions  must  have  horizontal  components 
and  may  not  (but  usually  do)  have  vertical  components. 

Consider  a  typical  cantilever  structure  consisting  of  two  anchor 
spans,  two  cantilever  spans,  and  a  suspended  span  using  the  same  sup¬ 
ports  as  the  Sixth  Street  suspension  bridge.  Now  pass  a  plane  cutting 
all  members  in  one  anchor  span ;  the  other  anchor  and  cantilever  spans 
stand ;  cut  one  cantilever  span,  all  other  spans  excepting  the  sus¬ 
pended  span  and  the  other  portion  of  the  cut  span  stand ;  cut  the 
suspended  span,  all  other  spans  stand,  stability  alone  being  considered 
in  each  case.  Pass  a  plane  cutting  all  members  of  the  typical  or  self- 
anchored  suspension  span  at  any  point  and  the  whole  structure  col¬ 
lapses.  There  is  no  semblance  of  cantilever  bridge  action,  thus  show¬ 
ing  the  dissimilarity  of  the  two  types.  Furthermore,  the  methods  of 
stress  determination  are  entirely  different ;  if  one  were  acquainted 
only  with  the  stress  calculations  for  cantilever  bridges  a  start  would 
never  be  made  in  the  case  of  the  self-anchored  suspension  bridge. 

The  criticisms  previously  referred  to  have  evidently  been  made 
without  a  complete  understanding  of  the  nature  of  the  structure  and 
can  hardly  be  considered  instructive  or  constructive,  which,  after  all, 
is  the  essence  of  true  discussion. 
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MECHANICAL  EQUIPMENT  FOR 
THE  DAVISON  COKE  AND  IRON  COMPANY, 
NEVILLE  ISLAND,  PA.* 


By  G.  E.  DiGNANt 

This  paper  will  attempt  to  show  the  general  outline  of  the  new 
plant  now  under  construction  by  the  Davison  Coke  and  Iron  Company 
on  Neville  Island,  Pittsburgh,  and  to  give  a  general,  but  necessarily 
brief,  description  of  the  mechanical  equipment  for  the  combined  plant 
operation. 

There  will  be  a  battery  of  coke-ovens,  new  cement  plant,  new 
power  and  steam  generating  equipment,  and  considerable  changes  in 
the  present  blast-furnace  plant. 

The  cement  plant  will  consist  of  two  kilns,  10  by  175  feet.  The 
present  capacity  will  be  3000  barrels  per  24  hours,  with  provision  for 
a  third  kiln,  with  necessary  apparatus  for  an  ultimate  capacity  of 
4500  barrels. 

The  coke-oven  battery  will  consist  of  35  Koppers  Becker  type 
ovens,  with  an  ultimate  capacity  of  105  ovens  and  provision  for  com¬ 
plete  recovery  of  by-products. 

The  present  600-ton  blast-furnace  will  be  operated  as  a  merchant 
furnace  and  provision  made  for  an  additional  blast-furnace. 

The  old  vertical  blowing  engines,  14  vertical  Cahill  boilers,  two 
500-kilowatt  reciprocating-engine-driven  generators,  the  old  recipro¬ 
cating  pumps,  etc.,  have  all  been  scrapped.  The  present  blowing-engine 
house  will  be  used  for  the  new  blowers,  new  electrical  generating 
equipment,  water-softening  equipment,  boiler  feed-pumps,  booster 
pumps,  air-compressors,  vacuum  pumps  and  turbine  auxiliaries.  The 
present  boiler  house  will  be  bricked  in  to  house  the  new  steam¬ 
generating  equipment  and  machine-shop.  The  pump-house  will  con¬ 
tain  the  new  main  water-supply  pumps  and  the  switch  panels  for  the 
coke-ovens. 

The  coke-ovens  will  furnish  coke  to  the  blast-furnace  and  do¬ 
mestic  trade  and  coke  braize  to  the  direct-fired  boilers.  It  will  supply 

•Presented  February  14,  1929.  Received  for  publication  April  20,  1929. 

tChief  Engineer,  Davison  Coke  and  Iron  Co.,  Pittsburgh. 
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gas  for  public  utility  purposes,  with  connections  to  the  cement  plant 
for  firing  the  kilns,  and  will  supply  a  full  line  of  by-products. 

The  blast-furnace  will  produce  merchant  pig-iron,  blast-furnace 
gas  to  the  direct-fired  boilers,  and  granulated  slag  for  the  cement-mill. 
The  cement- mill  will  furnish  waste  heat  for  steam  generation. 

The  present  ore-storage  yard  will  be  utilized  for  the  storage  of 
ore  and  limestone  for  the  blast-furnace;  coal  for  the  coke-ovens;  and 
limestone,  clay,  and  blast-furnace  slag  for  the  cement  plant,  thus 
concentrating  the  handling  and  storage  of  ail  raw  materials  in  one 
place.  Material  handling  has  been  designed  to  minimize  yard  hand¬ 
ling,  the  coal  being  handled  by  belt  conveyors  from  the  river  un¬ 
loader  to  the  coal-bin  at  the  oven,  and  coke  by  belt  conveyors  from 
the  screening  station  to  the  furnace  bins.  On  account  of  the  pig¬ 
casting  machine  being  located  in  the  furnace  cast  house,  there  will  be 
no  switching  of  hot  metal  with  its  attendant  scrap  loss.  All  outgoing 
material  is  loaded  on  gravity  tracks  with  ample  room  for  supply  of 
empty  cars  for  loading. 

The  present  steam-driven  car  dumper  will  be  rebuilt  and  driven 
with  direct-current  motors,  with  capacity  for  unloading  14  cars  an 
hour.  Ore,  limestone,  clay  or  slag  will  be  delivered  in  standard  rail¬ 
road  cars  to  the  dumper,  and  loaded  in  a  60-ton  transfer  car,  which  can 
discharge  into  a  grab  pit  the  full  length  of  the  runway  of  the  ore 
bridge.  The  transfer  car  operates  also  to  the  coal  unloader  at  the 
river,  so  that  coal  or  limestone  can  be  delivered  by  barge  and  placed  in 
the  storage  yard. 

A  new  ore  bridge  is  now  under  construction  by  the  Dravo  Con¬ 
struction  Company.  This  bridge  will  span  285  feet  between  supports 
with  a  35-foot  overhang  on  the  furnace  bin  end  of  the  bridge. 

Bridge  travel  is  with  independent  drive  on  each  set  of  trucks 
and  is  designed  for  a  speed  of  75  feet  a  minute.  The  trolley  speed 
will  be  650  feet  a  minute,  and  the  hoist  195  feet  a  minute.  The  grab- 
bucket  is  of  five  tons  capacity,  or  at  the  rate  of  300  tons  an  hour.  All 
motors  are  240-volt  direct  current,  all  with  magnetic  control.  There 
will  be  two  motor-driven  rail  clamps  on  each  leg,  interlocked  with 
bridge  travel  control.  The  operator  must  keep  his  foot  on  a  push¬ 
button  while  bridge  motors  are  running. 

The  ore  bridge  handles  materials  from  unloading  point  to  storage, 
thence  to  two  cars  for  filling  the  stock  bin.  These  cars  operate  the  full 
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length  of  the  blast-furnace  stock  house  and  over  mills  for  raw  grinding 
of  cement. 

The  stock  bin  can  also  be  filled  direct  from  standard  railroad  cars 
which  operate  the  full  length  of  the  bins  and  the  raw  grinding  depart¬ 
ment  of  the  cement-mill. 

A  new  river  dock,  100  feet  long,  is  being  installed.  On  this  dock 
an  electrically  driven  crane  is  installed  to  unload  limestone  or  coal. 
The  crane  fills  a  hopper  over  the  transfer  car  extension  for  storage  of 
materials,  or  direct  to  the  coal-breaker,  to  hammer  mills,  to  coal¬ 
mixing  bin,  to  oven  coal-bin  and  to  oven-filling  larrvs. 

For  rail  shipment  of  coal  or  limestone,  a  track  hopper  is  provided 
feeding  to  the  belt  conveyor  to  the  coal-breaker,  or  to  the  transfer  car 
to  storage.  For  reclaiming  coal  from  storage,  the  ore  bridge  feeds  the 
transfer  car  and  is  carried  to  the  track  hopper  and  conveyed  to  the 
coal  breaker. 

A  battery  of  35  of  the  latest  and  most  modern  design  of  Becker 
by-products  coke-ovens  is  being  installed  by  the  Koppers  Company, 
provision  being  made  for  a  future  capacity  of  105  ovens.  Double 
collecting  mains  will  be  installed  to  obviate,  as  far  as  possible,  the 
leakage  of  smoke.  The  ovens  will  be  designed  for  complete  recovery 
of  by-products.  A  complete  phenol  removal  plant  is  being  installed, 
so  there  will  be  no  stream  pollution. 

From  the  gas  purification  plant  a  48-inch  main  is  being  placed 
to  carry  the  air  laden  with  hydrogen  sulphid  to  the  direct-fired  boilers 
500  feet  away.  This  foul  air,  which  is  ordinarily  thrown  out  to  the 
atmosphere,  will  thus  be  forced  through  the  burners  with  the  blast¬ 
furnace  gas  and  consumed  under  the  boilers. 

It  will  be  noted  that  all  through  the  plant  considerable  thought 
and  expense  have  been  spent  in  preventing,  as  far  as  is  humanly  pos¬ 
sible,  the  possibility  of  pollution  of  stream  or  atmosphere. 

The  present  blast-furnace  stack  will  be  used  and  will,  with  very 
little  change,  be  ready  to  place  in  blast  in  the  near  future.  The  four 
stoves  are  to  be  relined  with  smaller  checkers,  and  consequently  larger 
heating  surface,  this  being  made  possible  by  the  use  of  clean  gas  and 
pressure  burners. 

The  old  dust-catcher  is  being  altered  to  change  outlet  connec¬ 
tions  to  discharge  into  a  Bartlett-Hayward  18-foot  gas  scrubber. 
The  gas  will  then  be  used  in  the  stoves  and  under  the  gas-fired  boilers. 
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After  leaving  the  scrubber,  the  wet  dust  is  run  through  a  Bartlett- 
Hayward  thickener,  and  the  thickened  dust  is  carried  to  a  pug-mill 
under  the  dry  dust-catcher,  where  the  wet  dust  is  pugged  with  dry 
dust  and  charged  back  into  the  blast-furnace.  This  dust-collecting 
system  is  closed  tight  against  leakage  and  will  do  away  with  the  dust 
nuisance  of  the  ordinary  blast-furnace. 

The  furnace  will  cast  direct  to  two  90-ton  iron  ladles  which 
will  be  tilted  by  an  overhead  ladle  crane  into  a  double-strand  pig 
machine  furnished  by  the  Pittsburgh  Coal  Washer  Company.  These 
strands  pass  under  a  water  spray  for  cooling  the  pig,  and  discharge 
direct  to  standard  railroad  cars.  Slag  will  be  run  direct  to  a  pit, 
granulated  by  a  stream  of  water,  picked  up  by  an  overhead  electric 
crane  with  a  grab-bucket,  discharged  into  an  automatic  skip  hoist  to 
several  hopper  cars  on  one  track  and  the  iron  scrap  into  a  car  on  an 
adjacent  track.  The  granulated  slag  can  be  delivered  direct  to  bins 
over  the  raw  grinding  department  or  taken  to  the  ore  bridge  for 
storage. 

The  Allis-Chalmers  Company  wTas  responsible  for  the  design  of 
the  cement  plant  and  the  manufacture  and  installation  of  the  ma¬ 
chinery.  It  will  be  a  wet  process  plant  where  the  materials  are  ground, 
mixed  and  delivered  to  the  kilns  wet.  There  will  be  two  kilns  each 
of  1500  barrels  capacity,  with  room  for  a  third  kiln,  giving  an  ulti¬ 
mate  capacity  of  4500  to  5000  barrels  of  cement  in  24  hours.  Lime¬ 
stone,  silicious  clays  and  granulated  blast-furnace  slag,  together  with 
gypsum,  will  be  used  in  making  the  cement. 

The  raw  grinding  department  is  located  under  the  present  blast¬ 
furnace  stock-house  trestle  and  bins  can  be  filled  with  the  ore  bridge 
or  directly  by  standard  railroad  cars. 

There  will  be  two  slag  bins  and  two  stone  bins  for  each  of  the 
two  raw  grinding  units.  The  bins  are  open  bottomed  with  plate 
feeders  under  each,  the  feeders  discharging  into  weighing  conveyors 
called  “poidometers.”  The  ingredients  are  mixed  by  weight.  The 
poidometers  accurately  proportion  the  mixture  of  limestone,  clay,  and 
the  slag  which  passes  over  magnetic  pulleys,  is  mixed  with  a  meas¬ 
ured  amount  of  water  (about  40  per  cent.)  and  passes  into  the  raw 
grinding  mills.  For  the  present  plant  there  are  two  mills  each  with 
a  capacity  of  75  barrels  an  hour,  but  room  is  provided  for  four  mills. 
The  wet  mixture  is  discharged  into  a  concrete  sump  on  the  suction  of 
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Wilfley  pumps  and  discharged  into  the  slurry  tanks  approximately 
500  feet  away. 

There  are  eight  slurry  tanks  at  present  with  room  for  four  more. 
Four  of  the  tanks  are  for  the  raw-ground  mix  just  as  it  comes  from 
the  raw  grinding  mills,  while  the  other  four  tanks  are  for  correction 
of  the  mix.  In  the  slurry  tanks  the  mixture  is  agitated  with  Dorr 
combination  horizontal  paddles  and  air  agitator.  Wilfley  pumps  are 
used  for  transferring  the  mixture  from  tank  to  tank  and  to  filters  above 
the  feed  end  of  the  kilns,  taking  the  mixture  from  the  bottom  of  the 
tank.  The  mixture  is  then  pumped  to  continuous  eight-disk  American 
filters,  one  for  each  kiln,  reducing  the  moisture  to  about  18  or  20  per 
cent,  before  introduction  into  the  kiln  for  burning.  Cloth  bags  are 
placed  on  the  filter  disks  and  the  water  is  pulled  through  the  cloth  by 
vacuum.  At  intervals  the  bags  are  inflated  and  the  filter  cake  broken 
oft  and  discharged  into  the  pug-mill,  where  the  moist  mixture  is 
pugged  with  dry  dust  reclaimed  from  hoppers  under  the  waste-heat 
boilers  and  is  fed  by  conveyors  into  elevators  discharging  into  the  pug- 
mill,  and  then  fed  through  screw  feeders  into  the  kilns.  There  are 
two  kilns  10  by  175  feet  with  room  in  the  building  for  a  third. 

The  cement  clinker  is  discharged  through  a  movable  port  into 
the  coolers.  For  each  kiln  there  will  be  a  single  cooler  8  by  80  feet. 
Cold  air  for  cooling  the  clinker  is  drawn  through  the  cooler  by  the 
kiln  draft  and  directly  to  the  kiln,  furnishing  75  per  cent,  of  the  air 
required  for  combustion.  The  clinker  cascades  over  a  series  of  paddles 
to  get  intimate  contact  with  the  cooling  air  and  is  discharged  into  the 
clinker  pit  and  handled  by  a  Shepard  overhead  electric  crane  to  the 
clinker  storage.  Over  and  around  the  exterior  of  the  cooler  is  placed 
a  heat-reclaiming  hood,  whence  heat  is  taken  to  the  coal  pulverizer 
for  drying  the  coal. 

Each  kiln  has  a  separate  and  distinct  unit  for  fuel  preparation. 
For  the  pulverized-coal  firing  this  is  a  No.  5  Raymond  pulverizer. 
Pulverized  coal  is  drawn  through  a  cyclone  collector  equipped  with 
a  motor-driven  air-lock  valve  and  discharged  into  a  hopper.  At  this 
point  a  cross  conveyor  is  installed  to  connect  each  mill  with  the  feed 
to  either  kiln. 

Air  from  the  cyclone  collector  is  hot  and  moist  and  is  drawn  into 
the  mill  through  an  exhauster.  From  the  discharge  fan,  the  air  to  mix 
with  the  pulverized  coal  (25  per  cent,  for  carrying  fuel  and  75  per 
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cent,  from  the  cooler)  is  balanced  by  dampers  through  the  feeder  of 
the  coal  injector  to  the  kiln. 

Gas  fuel  will  be  coke-oven  gas  direct  from  ovens  before  going  to 
the  gas-holder.  There  is  a  check-valve  on  the  gas  pressure,  operated 
through  an  electrical  solenoid  control  to  close  on  interruption  of  the 
power. 

The  gas  control  room  is  separated  from  the  coal-preparation  and 
control  rooms  by  dust-tight  gunite  partitions,  ventilation  for  this  space 
being  provided  for  by  means  of  a  fan  exhausting  to  the  outside  of 
the  building.  The  coal-preparation  room  is  also  inclosed  by  gunite 
partitions. 

The  gas  main  outside  of  the  gas  control  room  is  provided  with  a 
fly-wheel  fan,  and  on  interruption  of  the  power  the  solenoid-operated 
valve  will  shut  off  the  gas  and  the  fly-wheel  fan  will  continue  to  oper¬ 
ate  long  enough  to  exhaust  the  explosive  mixture  from  the  blast  pipe. 

There  are  two  separate  fuel-feed  pipes  in  each  kiln,  one  for  gas 
and  the  other  for  pulverized  coal.  Over  each  Raymond  pulverizer 
there  will  be  a  coal  storage.bin.  of  100  tons  capacity.  These  bins  are 
filled  by  a  10-ton,  Shepard  grab-bucket,  monorail  crane.  Over  each 
feeder  there  will  be  a  10-ton  bin  for  pulverized  coal. 

In  line  with  the  discharge  from  the  coolers  will  be  a  hopper  for 
receiving  the  clinker  and  a  hopper  for  the  gypsum  which  is  unloaded 
from  cars.  These  materials  are  fed  through  48-inch  Trump  two- 
material  feeders  through  motor-driven  feeders  into  dry  mills.  These 
dry  “compeb”  mills  are  the  same  size  as  the  wet  “compeb”  mills  in 
the  raw  grinding  department. 

The  finish-grinding  mills  discharge  into  the  screw  conveyors 
which  carry  the  cement  to  an  elevator  to  bins  over  the  motor-driven 
Fuller-Kinyon  pumps.  Adequate  dust-collecting  systems  will  be  in¬ 
stalled  in  the  finish-grinding  department.  All  motors  are  in  separate 
dust-tight  rooms,  and  provision  has  been  made  for  air  separation  for 
fine  grinding  of  the  cement. 

Fuller-Kinyon  pumps  transport  the  finished  cement  approxi¬ 
mately  400  feet  to  the  top  of  the  storage  bins  for  the  pack  house. 
There  are  six  cylindrical  reinforced  bins  with  a  total  storage  capacity 
of  100,000  barrels  of  cement.  The  cement  is  withdrawn  from  the 
bin  bottoms  and  transported  by  means  of  two  lines  of  screw  conveyors 
to  Fuller-Kinyon  pumps,  which  lift  the  cement  to  hoppers  over  the  six 
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Bates-valve  packers,  each  with  a  capacity  of  150  barrels  an  hour.  The 
filled  bags  discharge  to  chutes  to  the  lower  floor  for  loading  on  cars, 
there  being  two  tracks  on  each  side  of  the  pack  house.  Two  conveyor 
belts,  spanning  two  railroad  tracks  and  a  30-foot  driveway,  convey 
the  cement  to  a  truck-loading  station,  with  room  for  a  double  line  of 
trucks  loading  underneath.  Cross  conveyors  will  be  installed  so  that 
the  bags  from  any  packer  can  be  delivered  to  any  line  of  trucks  with¬ 
out  interruption  of  the  flow  of  cement-filled  bags.  From  the  truck¬ 
loading  station  a  conveyor  belt  will  connect  with  a  boom  conveyor 
for  loading  barges  in  the  back  channel  of  the  Ohio  River. 

The  conveyor  system  is  so  arranged  that  the  output  of  any  or  all 
of  the  packers  can  be  delivered  to  cars  on  either  side  of  the  building, 
to  either  of  the  two  lines  of  trucks,  or  to  the  river  barges,  all  at  the 
same  time  or  divided  as  required,  without  interruption  of  the  flow 
to  any  point.  Bag  cleaners  will  be  provided  in  the  pack  house  and 
adequate  dust  collection  will  be  made  throughout  the  handling  system. 

There  will  be  a  waste-heat  boiler  installed  at  the  material  feed 
end  of  each  kiln.  The  gases  passing  through  the  boilers  will  deposit 
considerable  dry  dust  which  will  be  handled  as  mentioned  above. 

After  leaving  the  boilers  the  gases  will  be  drawn  through  in¬ 
duced-draft  fans  with  automatic  regulation  on  the  fan  inlet  dampers, 
which  will  be  controlled  by  the  exit  draft  of  the  kiln,  and  this  control 
can  be  adjusted  by  the  kiln  operator  at  the  firing  end  of  the  kiln. 

Pyrometers  will  be  installed  at  the  end  of  the  kiln  and  at  the 
gas  outlet  on  the  boilers  with  the  recorder  at  the  firing  end  of  the  kiln. 
When  considerable  difference  of  temperature  indicates  dust  deposit  on 
the  boiler  tubes,  signal  lamps,  located  at  the  recorder,  will  light  and 
the  boiler  operator  will  be  notified  to  operate  his  soot  blowers. 

The  induced-draft  fans  are  connected  into  a  steel-plate  breeching, 
discharging  into  a  Bartlett-Hayward  20-foot  scrubber,  equipped  with 
an  induced-draft  fan  to  discharge  through  the  scrubber.  The  gases 
leaving  the  scrubber  and  discharging  to  atmosphere  will  be  clear  and 
free  from  cement  dust.  For  the  present  there  will  not  be  a  by-pass 
from  the  kiln  around  the  boilers  into  the  scrubber,  and  all  of  the  kiln 
gases  will  go  through  the  boilers. 

The  coke-ovens,  blast-furnace  and  cement-mill  are  all  served 
from  the  central  power  station  with  steam,  water,  air  and  electricity. 
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There  are  two  boiler  houses,  both  connected  to  the  same  boiler 
feed-pumps  and  softening  system  and  to  the  steam  header.  In  the 
direct-fired  boiler  house  there  are  four  Heine  V-type  boilers,  with 
250  pounds  pressure,  and  8560  square  feet  of  surface,  with  “Elesco” 
superheaters  for  100  degrees  F.  One  of  the  four  boilers  will  be  fired 
with  a  Coxe  traveling-grate  stoker,  with  motor-driven  forced  draft, 
for  burning  coke  braize  and  bituminous  coal,  and  fired  with  Brad¬ 
shaw  pressure  burners.  Air-injector  nozzles  are  provided  through  the 
front  ignition  arch  when  using  bituminous  coal.  The  remaining  three 
boilers  are  fired  with  blast-furnace  gas  through  Bradshaw  burners. 
Two  of  these  boilers  are  connected  through  the  gas-burners  to  the 
purifiers  for  the  coke-oven  gas,  so  that  the  foul  air  given  off  by  the 
purification  process  will  be  consumed  under  the  boilers. 

An  Allen-Sherman-Hoff  “Hydrojet”  ash-disposal  system  will  be 
installed  under  the  stoker-fired  boiler  to  discharge  into  a  pit  on  the 
outside  of  the  building,  where  a  grab-bucket  will  load  the  ashes 
on  cars. 

All  of  these  boilers  are  equipped  with  “Diamond”  soot  blowers, 
and  with  circular  clean-out  doors  just  over  the  lower  drums  to  provide 
for  soot  cleaning  by  hand  where  the  tubes  converge  on  entering  the 
boiler  drum.  The  two  waste-heat  boilers  are  Babcock  &  Wilcox 
“Stirling”  type,  five-drum,  with  11,000  square  feet  of  heating  surface, 
equipped  with  Babcock  &  Wilcox  superheaters. 

The  four  direct-fired  boilers  and  the  fuel-burning  appliances  are 
designed  to  operate  normally  at  200  per  cent,  of  rating,  while  the 
waste-heat  boiler  will  probably  average  about  75  per  cent,  of  rated 
capacity.  All  these  boilers  will  operate  at  250  pounds  steam  pressure 
and  100  degrees  superheat.  The  direct-fired  boiler  house  will  accom¬ 
modate  two  more  boilers,  and  the  piping,  breeching,  chimney,  etc.,  are 
all  designed  for  an  ultimate  capacity  of  eight  boilers — seven  operating 
and  one  spare.  On  the  direct-fired  boilers,  the  flue-gas  passes  up 
through  a  casing  designed  to  accommodate  a  future  air  preheater. 
When  this  is  added  an  induced-draft  fan  will  be  required.  For  the 
present  this  casing  is  divided  by  a  steel-plate  partition  to  permit  up¬ 
ward  flow  of  the  waste  gas  and  downward  flow  of  the  fresh  air  from 
the  Green  forced-draft  fans,  which  are  driven  by  DeLaval  steam- 
turbines.  This  fresh  air  will  be  forced  into  and  through  the  pressure 
burners  or  down  into  an  underground  duct  to  the  traveling-grate 
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stoker.  Foundations  for  boiler  No.  2  have  been  installed  to  permit 
the  placing  of  a  traveling-grate  stoker  at  some  future  time. 

The  steel-plate  breeching  is  provided  with  expansion  joints  and 
with  connections  for  future  boilers.  This  breeching  discharges  into  a 
reinforced  concrete  chimney,  250  feet  above  ground  level,  and  14  feet 
in  inside  diameter  at  the  top  of  the  brick  lining  which  is  carried  for 
the  full  height  of  the  shaft. 

In  general,  the  piping  may  seem  rather  elaborate,  but  when  it  is 
considered  that  the  operation  of  three  complete  and  separate  plants  is 
dependent  on  the  continuous  supply  of  power  from  a  single  source,  it 
is  best  to  try  to  make  the  power  generation  as  fool-proof  as  possible. 

In  designing  the  piping  for  all  services  and  in  designing  the  elec¬ 
tric  cables,  allowances  have  been  made  for  additional  boilers,  gener¬ 
ators,  pumps,  water-softening  plant,  etc.,  for  an  ultimate  capacity  to 
take  care  of  an  additional  third  kiln  in  the  cement  plant,  two  addi¬ 
tional  batteries  of  35  coke-ovens  each,  and  an  additional  blast-furnace. 

The  boilers  are  connected  with  a  single  steam-header  but  looped 
through  the  engine-room  so  that  the  steam  from  at  least  half  of  the 
direct-fired  boilers  or  the  waste-heat  boilers  can  be  delivered  from 
either  direction  to  the  turbo-blowers,  pumps,  generators,  skip  hoist 
and  to  the  coke-ovens. 

At  the  boiler  feed-pumps,  six  separate  sources  of  suction  are  pro¬ 
vided  so  that  it  is  possible  to  get  treated  and  filtered  water,  treated 
but  unfiltered  water,  cold  river  water,  city  water,  hot  well  water  and 
high-pressure  water  from  the  hot  well  discharged  from  the  booster 
pumps.  Two  separate  discharge  headers  at  the  boiler  feed-pumps  and 
two  separate  feed  lines  to  each  of  the  two  boiler  houses  should  insure 
continuous  water-supply  to  the  boilers.  Copes  feed-water  regulators 
with  excess-pressure  regulators  will  be  installed  on  all  six  boilers  and 
on  the  main  feed  line.  Manually  operated  feed  valves  will  be  used 
on  the  auxiliary  feed  line. 

River  water  will  be  delivered  by  three  DeLaval  pumps  (each 
with  a  capacity  of  10,000  gallons  per  minute,  driven  by  2200-volt, 
three-phase,  60-cycle  synchronous  Westinghouse  motors,  of  300  horse¬ 
power  and  900  r.p.m.)  to  the  barometric  condensers,  and  the  booster 
pumps,  and  by-passed  to  the  coke-ovens. 

Three  200-horse-power  DeLaval  booster  pumps,  driven  by 
DeLaval  turbines  at  1800  r.p.m.  will  be  piped  with  duplicate  suction 
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and  discharge  headers  to  enable  any  one  of  the  three  pumps  to  operate 
on  high-pressure  cold  water  from  the  main  pumps,  or  high-pressure 
hot  water  trom  the  hot  well.  These  pumps,  each  with  a  capacity  of 
5000  gallons  per  minute,  will  supply  the  blast-furnace,  water-softening 
plant,  coke-ovens,  cement  plant,  and  miscellaneous  yard  and  plant 
service.  Most  of  the  water  passing  through  the  barometric  con¬ 
densers  will  be  re-used  throughout  the  plant. 

Heat  for  boiler  feed-water  will  be  supplied  by  exhaust  from 
the  four  forced-draft  fans  on  the  direct-fired  boilers,  the  three  boiler 
feed-pumps,  and  the  three  booster  pumps,  with  a  direct  high-pressure 
steam  connection  for  make-up. 

A  Cochrane  hot-process  water-purification  system  is  being  in¬ 
stalled  with  a  Cochrane  open  feed-water  heater  mounted  on  top  of 
the  softener.  This  unit  will  have  a  capacity  of  32,000  gallons  an 
hour,  and  space  and  piping  are  provided  for  a  second  unit  of  the 
same  size. 

Two  DeLaval  blast-furnace  blowers  will  be  installed,  with  room 
for  a  third  unit  when  the  second  blast-furnace  is  installed.  These 
blowers  will  operate  at  2470  r.p.m.  at  30  pounds  pressure,  with  a 
capacity  of  60,000  cubic  feet  a  minute,  discharging  through  an 
Ingersoll-Rand  horizontal  check-valve  into  a  36-inch  cold-blast  main 
to  the  stoves. 

Three  Chicago  Pneumatic  Tool  Company’s  air-compressors  will 
be  installed  in  the  engine-room.  These  are  driven  by  Westinghouse 
synchronous  motors  on  a  2300-volt  circuit.  The  compressors  are 
equipped  with  intercoolers  and  aftercoolers.  These  machines  are  de¬ 
signed  for  110  pounds  pressure.  Two  air  receivers  will  be  used  with 
cross-connected  piping,  so  that  any  machine  can  be  connected  to  either 
of  the  receivers.  The  55-pound  receiver  will  ordinarily  be  used  for 
agitation  of  cement-mill  slurry  and  one  of  the  110-pound  machines  for 
cement  conveying  and  general  plant  use.  In  the  event  of  failure  on 
the  55-pound  compressor,  any  one  of  the  three  110-pound  units  can 
be  used  for  the  lower  pressure  service. 

Two  motor-driven  vacuum  pumps  (Ingersoll-Rand  18  by  10 
inches)  with  60-horse-power  Allis-Chalmers  synchronous  motors  will 
be  located  in  the  engine-room  to  provide  vacuum  on  the  cement  plant 
filters.  Space  is  provided  for  a  third  vacuum  pump  when  the  third 
kiln  is  installed. 
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Two  Westinghouse,  5000-kilowatt  turbo-generators  are  being 
installed,  with  room  for  one  more.  These  are  equipped  with  direct- 
connected  exciters,  Worthington  oil  pumps,  governor  speed  changers, 
and  Andale  oil  coolers.  These  turbines  will  operate  at  3600  r.p.m., 
with  225  pounds  steam  at  the  throttle.  They  are  direct  connected  to 
revolving-field,  alternating-current,  2300-volt,  three-phase,  60-cycle 
generators  of  6250  kilovolt-amperes. 

Elliott-Ehrhart  barometric  condensers  with  Elliott-Ehrhart  air 
ejectors  will  serve  the  generator  turbines. 

The  turbo-generators  and  turbo-blowers  will  be  supported  on 
reinforced  concrete  foundations,  with  the  turbine  floor  placed  26  feet 
above  the  lower  floor. 

A  system  of  oil  purification  for  turbine  oil  will  be  installed. 

Direct  current  for  the  coke-ovens,  blast-furnace,  and  for  existing 
equipment  in  the  machine-shop  and  engine-room  will  be  delivered 
from  two  Westinghouse  750-kilowatt  motor-generators  (2300  to  250 
volts),  and  room  is  provided  for  a  third  motor-generator  of  the 
same  capacity. 

The  electric  generating  equipment  consists  of  two  6250-kilovolt¬ 
ampere,  turbine-driven  generators,  with  room  for  one  additional 
6250-kilovolt-ampere  generator.  These  machines  generate  2300-volt, 
60-cycle,  three-phase  current,  which  is  carried  directly  to  the  larger 
motors,  and  is  reduced  to  440  volts  for  the  smaller  alternating-current 
motors,  to  220  volts  for  lighting  service,  and  through  two  motor- 
generators  for  250-volt  direct-current  service. 

The  coke-oven  battery  is  served  by  duplicate  feeders  for  direct 
current.  These  are  connected  to  the  direct-current  bus  on  the  main 
switchboard  and  run  direct  to  the  ovens.  Duplicate  2300-volt  feeders 
for  switching  gear  in  the  engine-room  run  to  a  distribution  panel- 
board  located  in  the  present  pump-house.  This  panel-board  serves 
three  2300-volt  synchronous  motors  on  the  main  river  pumps.  From 
this  panel-board  the  2300-volt  feeders  run  direct  to  the  coke-ovens; 
also  to  a  bank  of  three  667-kilovolt-ampere  transformers  (from  2300 
to  440  volts)  for  the  coke-oven  feeders.  The  duplicate  2300-volt 
feeders  for  coke-ovens  and  main  water  pumps  are  each  calculated  for 
the  full  capacity  of  the  coke-ovens  and  the  pump  motors.  While  in 
ordinary  operation,  the  water  pump6  will  operate  on  one  of  these 
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feeders  and  the  coke-ovens  on  the  other,  either  feeder  can  carry  both 
loads  in  case  one  or  the  other  is  out  of  service. 

For  compressors  and  vacuum  pumps  in  the  engine-room,  2300- 
volt  feeders  are  led  from  the  breakers.  For  blast-furnace,  ore  han¬ 
dling,  stock  bins,  machine-shop,  and  cranes,  direct-current  feeders  are 
connected  directly  to  the  bus  on  the  main  switchboard. 

The  cement  plant  is  separated  electrically,  as  far  as  possible, 
from  the  remainder  of  the  system.  The  switch-gear  2300-volt  bus¬ 
bars  are  connected  through  a  totalizing  panel  with  a  recording  watt- 
hour  meter  for  the  total  load  of  the  cement  plant.  The  2300-volt 
feeders  are  connected  directly  to  the  switching  gear  and  the  440-voic 
circuits  are  served  through  a  short  bus  over  the  switch-gear,  fed 
from  a  bank  of  four  667-kilovolt-ampere  transformers  (2300  to  440 
volts),  connected  in  open  delta.  Three  of  these  transformers  will 
carry  the  load ;  the  fourth  will  be  used  as  a  spare. 

The  switchboard  will  be  furnished  and  erected  by  the  Westing- 
house  Electric  and  Manufacturing  Company.  The  main  switchboard 
in  the  engine  house  will  be  set  on  the  turbine-floor  level,  26  feet  above 
the  ground-floor  level,  with  the  switching  gear  located  on  an  inter¬ 
mediate  floor  1  1  feet  above  the  ground  floor,  with  shop  and  engine- 
room  offices  below.  The  main  switchboard  will  consist  of  24  panels 
with  alternating-current  instruments  at  one  end  and  direct-current 
bracket  instruments  at  the  other  end.  This  switchboard  will  consist 
of  two  parts — the  alternating-current  control  board  for  the  2300-volt 
and  440-volt  circuits,  and  the  direct-current  control  board  for  the 
250-volt  generators  and  feeders. 

Circuit-breakers  for  the  2300-volt  and  440-volt  circuits  will  be 
type  “B”  oil  breakers,  arranged  for  mounting  on  a  welded  angle-iron 
structure.  All  oil  breakers  will  be  electrically  operated  from  a  60-cell 
storage  battery  located  on  the  intermediate  floor. 

There  will  be  four  cement-mill  feeder  panels  and  a  fifth  panel 
for  the  cement-mill  transformers  and  cement-mill  totalizing  meter; 
a  panel  for  the  gas  pumps  at  the  gas-holder ;  one  for  the  coke-oven 
2300-volt  feeders;  one  for  air-compressors  and  station  auxiliaries; 
one  for  the  vacuum  pumps;  one  for  the  2300-volt  lighting  panel;  a 
tie  panel  to  the  Duquesne  Light  Company’s  outdoor  switching  sta¬ 
tion  ;  one  tor  battery  control;  three  generator  panels;  three  2300-volt 
panels  for  the  motor-generator  sets,  and  three  for  the  direct-currenr 
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side  of  the  motor-generators;  one  panel  for  coke-oven  direct-current 
feeders  and  two  panels  for  blast-furnace  direct-current  feeders.  The 
alternating-current  feeder  panels  are  of  /6-inch  steel  plates  and  the 
direct-current  panels  of  black  marine  finish  slate. 

All  lighting  will  be  220  volts,  taken  from  either  the  2300-volt 
alternating-current  feeders,  the  440-volt  feeders,  or  the  250-volt 
direct-current  feeders. 

The  switchboard  and  switching  equipment  for  the  coke-oven 
alternating-current  feeders  and  for  the  main  water  pumps  will  be 
located  in  the  pump-house  at  some  distance  from  the  main  switch¬ 
board.  This  switchboard  will  consist  of  10  panels — three  for  the 
main  water  pumps;  one  for  controlling  the  primary  of  the  200- 
kilovolt-ampere  2300-volt  to  440-volt  transformer  bank;  one  for  the 
2300-volt  motors  of  the  hammer  mill ;  one  for  coal  and  coke  handling ; 
one  for  the  battery  and  quenching  station;  one  for  the  by-product 
department;  one  for  the  feeder  panel  for  the  benzol  motors;  and  one 
lighting  panel,  the  last  five  of  these  items  using  440  volts.  The  circuit- 
breakers  for  this  board  are  Wcstinghouse  hand-operated,  remote- 
control  units,  located  in  the  rear  of  the  switchboard. 

Arrangements  have  been  made  to  tie  the  electrical  generation 
and  distribution  systems  to  the  Duquesne  Light  Company’s  22,000- 
volt  line  passing  the  plant.  This  outdoor  switching  station  will  have 
two  3750-kilovolt-ampere  banks  of  transformers.  One  bank  will  be 
available  for  instantaneous  interchange  and  the  reserve  bank  for 
interchange  after  adjustment  of  the  Duquesne  Light  Company’s  load. 

All  electrical  lines  connecting  the  buildings  will  be  lead  covered, 
run  in  fiber  duct,  incased  in  concrete;  and  inside  the  buildings  all 
lines  will  be  run  in  metallic  conduit,  except  the  lead-covered  cables, 
which  will  be  run  on  racks  and  fireproofed. 

Hagan  combustion  control  on  the  waste-heat  boilers  will  operate 
from  the  draft  at  the  kiln  end  of  the  boilers  to  control  the  kiln  draft 
by  regulating  dampers  on  the  inlet  of  the  induced-draft  fan. 

The  direct-fired  boilers  will  also  be  equipped  with  Hagan  con¬ 
trol.  On  the  stoker-fired  boiler  a  regulator  operating  from  steam 
pressure  will  control  the  speed  of  the  stoker  and  the  damper  of  the 
main  air  duct  for  air  supply  to  the  stoker. 

A  combustion  control  will  be  used  to  control  the  uptake  damper 
in  accordance  with  the  draft  in  the  combustion  chamber.  This  con- 
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troller  will  be  a  special  machine  having  a  20-inch  stroke  instead  of 
the  standard  10  inch.  "Hie  first  half  of  this  stroke  will  control  the 
uptake  damper  and  will  swing  it  from  the  open  to  the  closed  position. 

In  order  to  protect  against  conditions  where  sufficient  quantities 
of  blast-furnace  gas  are  available,  together  with  a  low  steam  pressure 
which  would  call  for  the  stoker  to  be  in  operation  to  assist  the  load 
and  would  probably  cause  a  pressure  in  the  furnace  due  to  the  fact 
that  large  quantities  of  blast-furnace  gas  were  available,  the  last  10 
inches  of  the  stroke  of  this  controller  will  operate  through  a  dual 
control  mechanism  to  take  the  control  of  the  stoker  and  the  stoker 
air  duct  away  from  the  master  controller  as  pressure  in  the  furnace 
starts  to  build  up.  This  machine,  after  having  opened  the  uptake 
damper  wide,  will  automatically  start  to  slow  down  the  stoker  and 
proportionately  cut  off  the  air  supply  to  the  stoker. 

Forced-draft  fans,  driven  by  a  steam-turbine,  will  run  at  con¬ 
stant  speed  and  will  not  be  controlled  except  through  the  damper  of 
the  main  air  duct.  On  the  gas-fired  boilers  a  combustion  control  will 
be  used  to  control  the  uptake  damper  in  accordance  with  draft  in 
the  combustion  chamber. 

The  two  waste-heat  boilers  and  each  of  the  four  direct-fired 
boilers  will  be  equipped  with  a  meter  for  recording  steam  flow,  inte¬ 
grating  steam  flow,  and  indicating  developed  boiler  horse-power  and 
percentage  of  rating.  A  four-point  pyrometer  will  record  uptake 
temperatures. 

The  combination  stoker  and  gas-fired  boiler  will  have  a  nine- 
point  indicating  draft-gage — one  point  for  each  of  the  five  stoker 
wind-box  connections,  one  on  the  gas-burner  wind  box,  one  in  the 
stoker  furnace,  one  in  the  gas  furnace,  and  one  in  the  boiler  uptake. 

The  three  gas-fired  boilers  will  be  equipped  with  three-point 
indicating  draft-gages — one  point  for  furnace  draft,  one  for  burner 
wind-box  pressure  and  one  for  uptake  draft. 

The  waste-heat  boilers  will  each  have  a  two-point  recording 
draft-gage  to  indicate  draft  at  the  end  of  the  kiln  and  at  the  boiler 
exit.  On  the  waste-heat  boilers  a  signaling  pyrometer  will  be  used, 
as  mentioned  above. 

A  flow  meter  will  be  installed  at  the  water-softening  plant,  for 
recording  and  integrating  the  water  used  for  boiler  feed.  There  will 
also  be  a  recording  thermometer  for  boiler  feed  temperature. 
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To  check  gas  pressure  on  the  boiler  main,  there  will  be  a  record¬ 
ing  pressure-gage. 

In  the  eight-inch  steam  line  to  coke-ovens,  there  will  be  a  record¬ 
ing  and  integrating  steam-flow  meter.  A  combination  pressure-gage 
and  thermometer  to  record  total  steam  pressure  and  total  steam 
temperature  will  check  steam  conditions  in  the  main  header  at  the 
turbines. 

On  each  of  the  barometric  condensers  a  recording  vacuum  gage 
will  be  placed,  with  the  recorder  located  on  a  gage  board  in  the 
engine-room  office,  along  with  the  meters  for  total  steam  pressure  and 
temperature,  coke-oven  steam  flow,  the  boiler  uptake  pyrometer,  an 
electric  clock  for  checking  and  setting  charts,  and  the  gas  pressure 
recorder.  Steam-flow  meters  will  be  placed  on  the  steam  lines  of  the 
turbo-generator  and  turbo-blower  to  check  steam  consumption  on 
these  units. 

The  blast-furnace  pyrometers  will  indicate  temperatures  on  all 
four  stoves,  the  furnace  top  and  hot-blast  temperatures,  all  on  one 
machine,  and  recording  gages  will  be  provided  for  furnace  blast  and 
furnace  top  pressures.  Two  indicating  pyrometers  graduated  from 
zero  to  2000  degrees  F.  will  be  used  for  close  readings  on  top  and 
blast  temperatures  of  the  blast-furnace. 

The  blast-furnace  gas  scrubbers  will  have  a  temperature  recorder 
on  the  raw  gas  and  on  the  clean  gas;  a  thermostatic  regulator  to 
govern  incoming  water  to  outgoing  gas;  a  three-pen  thermometer  for 
temperatures  of  initial  water,  second  stage  water  and  outlet  water; 
a  Bailey  meter  for  water  flow  and  a  two-pen  pressure  recorder  for 
raw  and  clean  gas  respectively. 

The  gas  scrubber  at  the  cement  plant  will  be  equipped  with  a 
pressure  recorder  to  show  gas  pressure  on  inlet  and  outlet;  also  a 
recording  thermometer  for  incoming  and  outgoing  water. 

The  reinforced  concrete  chimney,  the  concrete  bins  for  the  cement 
plant  and  the  coke-ovens,  the  foundations  and  structural  steel  were 
designed  and  built  by  the  Rust  Engineering  Company,  who  are  also 
designing  the  lay-out  of  the  power  and  steam  generating  equipment. 

Mr.  A.  P.  Meyer,  vice-president  of  the  Davison  Coke  and  Iron 
Company,  and  Air.  A.  W.  Kennedy  of  that  company  are  in  direct 
charge  of  all  design  and  construction,  for  the  completed  units  and  all 
of  the  work  is  being  carried  on  under  their  direction. 
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The  plant  will  shortly  be  in  operation  and  we  are  all  confident 
that  the  finished  product  will  justify  our  combined  efforts. 

DISCUSSION 

Albert  P.  Meyer:*  1  do  not  know  that  there  is  much  1  can 
say.  Mr.  Dignan  has  well  described  what  we  are  endeavoring  to  do 
at  Neville  Island. 

One  of  the  interesting  features  is  the  transportation  of  the  cement 
from  the  mills  by  the  use  of  compressed  air,  under  what  is  known  as 
the  Fuller-Kinyon  system.  The  finished  product  is  pumped  through  a 
line  a  distance  of  over  500  feet  and  discharged  into  the  silos  in  this 
manner.  It  is  then  handled  from  the  silos  through  the  Fuller-Kinyon 
pumps  to  the  packing  bins,  where  the  usual  Bates-valve  packer  is 
used  to  bag  the  cement. 

There  is  a  condition  here  in  Pittsburgh  which  is  somewhat  dif¬ 
ferent  from  that  at  other  locations,  in  that  the  trucking  of  cement 
will  be  the  major  part  of  the  business;  and,  in  order  to  meet  with  the 
requirements  of  retaining  the  cement  used  by  the  city  of  Pittsburgh, 
or  the  county  of  Allegheny,  or  the  state  of  Pennsylvania,  in  separate 
sealed  containers,  it  is  necessary  to  make  special  arrangements  so  that 
this  cement  can  be  bagged  separately  and  conveyed  for  loading  to 
trucks  as  it  is  called  for.  To  accomplish  this  we  have  gone  to  extremes 
in  the  lay-out  of  our  pack  house  and  truck-loading  facilities  so  as  to 
avoid  delay  of  trucks  when  they  call  for  cement.  We  plan,  by  the  use 
of  conveyors,  to  load  a  truck  every  2p2  minutes,  and  hope  to  be  able 
to  give  the  service  required. 

Of  course,  we  have  found  quite  a  number  of  problems  in  this 
proposition,  as  in  the  first  instance  we  have  a  coke  plant,  then  again 
we  have  a  blast-furnace,  and  again  a  cement  plant,  and  we  are  trying 
to  unify  the  three.  They  must  synchronize,  and  in  so  doing,  water, 
steam,  air,  and  electric  power  must  all  be  given  consideration  at  the 
same  time.  Then  again,  we  must  be  careful  to  provide  for  the  use  of 
the  by-product  coke  gas  in  the  summer  months  when  the  public  utility 
company  is  not  taking  it  for  public  use. 

We  use  the  waste  gas  from  the  blast-furnace  under  the  boilers 
and  the  coke  breeze  to  make  our  steam,  as  well  as  the  waste  heat  from 
the  kilns  through  the  waste-heat  boilers  connected  therewith.  We  are 
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equipped  to  use  powdered  coal  on  the  kilns  as  well  as  the  by-product 
gas,  so  that  continuous  operation  is  assured. 

The  center  or  the  hub  ol  our  plant  is  the  power-house,  and  every¬ 
thing  radiates  from  there,  but  1  believe  that  Mr.  Dignan  has  well 
explained  that  point  to  you. 

W.  W.  Boyd:*  May  I  ask  what  disposition  you  make  of  the 
dust  from  the  furnace? 

G.  E.  Dignan  :  The  old  dust-catcher  is  to  be  changed  some¬ 
what;  the  furnace  connection  instead  of  going  into  the  top  will  con¬ 
nect  into  the  side  and  go  out  of  the  top  into  the  scrubber. 

The  dry  flue-dust  from  the  dust-catcher  will  be  mixed  with  wet 
flue-dust  from  the  thickener,  taken  to  stock  bins,  mixed  with  ore  and 
recharged  to  the  blast-furnace. 

Albert  P.  Meyer:  I  think  the  point  in  which  the  gentleman 
is  interested  is  the  handling  of  the  dry  flue-dust  from  the  blast-furnace. 
We  plan  to  use  the  slurry  from  the  Center  thickener  and  pug  the  wet 
and  dry  dust  together  from  the  dust-catcher  into  a  railroad  car.  This 
car  will  then  be  taken  around  to  the  stock  pile,  and  the  wet  and  dr\ 
dust  filled  back  into  the  furnace. 

J.  S.  Green  :+  Mr.  Chairman,  I  would  like  to  ask  a  question 
about  the  waste-heat  boiler.  Did  I  understand  that  it  is  a  header 
type?  1  have  a  couple  of  waste  boilers  under  my  supervision,  now, 
and  on  the  horizontal  type  we  have  quite  a  lot  of  trouble  with  sedi¬ 
ment  and  dust.  It  is  hard  to  get  it  off. 

G.  E.  Dignan  :  No,  the  waste-heat  boilers  are  Babcock  5c  Wilcox 
“Stirling”  five-drum  boilers.  These  are  equipped  with  soot  blowers 
and  in  addition  will  have  soot  doors  over  the  lower  drums  so  that  soot 
accumulating  where  the  tubes  converge  at  the  drum,  can  be  removed 
with  a  steam  lance. 

W.  W.  Boyd:  How  is  the  coke  to  be  quenched  after  it  come.' 
from  the  ovens? 

G.  E.  Dignan  :  The  present  plans  are  for  wet  quenching  in  the 
ordinary  manner. 

’Chief  Engineer.  Standard  Scale  &  Supply  Co..  Beaver  Falls,  Pa. 

t Master  Mechanic,  Edgewater  Steel  Co.,  Oakmont,  Pa. 


COST-SHEETS  AND  THEIR  RELATION  TO 
ENGINEERING  ECONOMICS* 

By  W.  B.  Skinkle+ 

Comparison  of  cost-sheet  data  with  the  engineering  economics  of 
given  industrial  situations  is  a  subject  capable  of  almost  infinite 
expansion  and  elaboration.  The  proper  solution  of  industrial  prob¬ 
lems  often  presents  a  multiplicity  of  perplexing  problems  which  at 
times  become  so  confusing  and  involved  in  their  relations  and  inter¬ 
relations  that  they  almost  defy  solution,  and  in  many  such  cases  the 
engineer  must,  of  necessity,  fall  back  on  plain  ordinary  horse-sense 
as  a  basis  for  his  decision.  Much  of  this  confusion  can  be  eliminated 
by  the  application  of  the  proper  methods  of  solution  and  by  attacking 
the  problem  from  the  proper  viewpoint. 

In  solving  a  problem,  many  engineers  use  only  analytical  meth¬ 
ods  and  when  a  solution  is  reached,  this  solution  holds  for  only  the 
one  point  of  production  which  was  used  as  a  base;  whereas,  if  the 
same  solution  were  applied  at  some  other  point  of  production,  the 
decision  might  be  completely  reversed. 

It  is  well  known  that  the  load,  or  the  production,  of  a  given 
piece  of  equipment  has  a  great  influence  on  the  unit  costs.  In  enlarg¬ 
ing  on  this  idea,  the  author  presented  a  discussion  of  power  costs 
before  the  Association  of  Iren  and  Steel  Electrical  Engineers  in  June, 
1928,+  in  which  he  offered  proof  from  both  a  purely  mathematical  and 
a  practical  standpoint  that  costs  could  be  divided  into  two  parts — a 
' ‘constant"  cost  which  is  independent  of  the  production;  and  an  “in¬ 
crement"  cost  which,  within  certain  limits,  is  directly  proportional  to 
the  production. 

In  order  to  clarify  arguments  and  illustrations  that  will  form 
the  basis  of  this  paper,  it  is  believed  that  a  short  repetition  of  data 
previously  presented  will  be  of  advantage.  The  various  illustrations 
used  will  all  be  based  on  power  because  power  costs  offer  an  ideal 
subject  for  such  analyses  as  will  be  undertaken.  The  output  or  prod¬ 
uct  of  a  turbo-generator  is  always  the  same  in  kind.  A  kilowatt-hour 
is  just  the  same  in  January  as  it  is  in  July.  For  a  given  generator,  it 

^Presented  October  28,  1929.  Received  for  publication  March  17,  1930. 

fEngineer,  Pittsburgh  District  Power  Committee,  Subsidiary  Companies  of  U.  S. 
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%lron  and  Steel  Engineer,  v.  5,  p.  278. 
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is  made  from  the  same  machine,  the  same  raw  materials  and  the  same 
labor.  The  variables  entering  into  the  cost  of  power  can,  therefore, 
be  reduced  to  that  of  “time’’  and  “output." 

Most  men  think  of  cost  in  terms  of  “a  unit  of  product  speaking 
electrically,  they  think  of,  and  try  to  compare,  the  cost  per  kilowatt- 
hour.  Take,  for  example,  any  comparatively  large  turbo-generator, 
and  plot  the  cost  per  kilowatt-hour  against  load-factor;  or,  preferably, 
the  kilowatt-hours  produced  in  a  unit  of  time,  and  we  get  the  old 
familiar  curve  like  Fig.  1,  where  the  cost  per  unit  of  product  is  con- 


Fig.  1.  Typical  Curve  of  Unit  Cost  Plotted  against  Production. 


tinually  lessening  as  the  number  of  kilowatt-hours  produced  increases, 
the  lowering  costs  per  kilowatt-hour  approaching  an  irreducible  mini¬ 
mum,  that  it  never  quite  succeeds  in  reaching.  This  irreducible  mini¬ 
mum  cost  is  represented  by  the  line  AB  and  may  represent  the  cost  of 
fuel,  some  labor,  fixed  charges,  etc. 

Thinking  of  this  curve  from  a  purely  mathematical  standpoint, 
we  are  at  once  struck  with  its  similarity  to  the  definition  of  a  hyper¬ 
bola,  which  is  a  curved  line  that  continually  approaches  a  straight 
line  called  the  asymptote,  but  which  it  never  reaches  at  any  distance 
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short  of  infinity.  Such  a  curve  has  the  general  algebraic  form  of 

,  b 

y  i  =  rn  +  - . 

x 

If  the  total  cost  of  operating  a  power-house  which  was  producing 
OL  (kilowatt-hours)  were  wanted,  it  would  be  obtained  by  multi¬ 
plying  the  kilowatt-hours  produced  (OL)  by  the  cost  per  kilowatt- 
hour  (OC),  and  the  result  should  equal  the  total  money  spent 
for  power  as  shown  on  the  cost-sheet.  Let  us  do  the  same  thing  with 
the  general  equation  of  our  hyperbolic  curve;  in  other  words,  get 
a  new  total  cost,  y,  by  multiplying  y1  by  a,  or  expressed  algebraically 

y  =  y  i* . ( 1 ) 


In  the  general  equation,  we  find  that  y\  —  m  -| - . 

x 

Substituting  this  in  equation  ( 1 ) ,  we  have  y  ~  x  (m  -1 —  )  ,  which 
when  simplified  gives  us 

y  —  mx  -f-  b . (2) 


This  equation  is  the  well  known  straight  line.  It  will  take  the 
form  of  Fig.  2,  in  which 

x  =  the  production  of  energy  in  kilowatt-hours  per  month 

(OL). 

y  —  total  cost  of  energy  in  dollars  per  month  (OD). 

b  —  a  constant  cost  which  is  independent  of  the  production. 

?n  (which  is  the  slope  of  the  line)  =  an  “increment”  cost  per 
unit  of  product,  which  is  directly  proportional  to  the  quantity  of 
energy  produced. 

In  other  words,  a  production  of  energy  x  equal  to  the  horizontal 
distance  OL  would  give  a  cost  y  equal  to  the  vertical  distance  OD, 
which  cost  would  be  made  up  of  the  sum  of  a  constant  cost  b  plus  an 
increment  cost  7nx. 

A  purely  analytical  solution  comparing  two  pieces  of  equipment 
producing  the  same  quantity  of  material  would  fail  to  bring  out  these 
constant  and  increment  costs;  but,  when  a  graphical  solution  is  pre¬ 
sented,  the  whole  situation  is  often  cleared  at  once. 

Fig.  3  illustrates  this  point.  Here  two  pieces  of  equipment,  A 
and  B,  having  different  “constant"  and  “increment"  costs  are  shown, 


1 930  ] 


SK I N  KL  E — COST-  S  H  E  ETS 


11 :» 


with  the  cost  as  the  vertical  ordinate  and  units  of  production  as  the 
horizontal  ordinate.  Unit  A  has  a  constant  cost  equal  to  the  vertical 
height  OA  and  an  increment  cost  shown  by  the  slope  of  the  full  line. 
Unit  B  has  a  constant  cost  equal  to  the  vertical  height  OB  and  an 
increment  cost  equal  to  the  slope  of  the  dotted  line. 

The  cost  of  producing  any  number  of  units  of  product  is  shown 
by  the  vertical  distance  from  the  base-line  to  the  intersecting  point  on 


Klu.  Hours  per  Mon+h  ( x) 


Fig.  2.  Typical  Curve  of  Total  Cost  Plotted  against  Production. 

the  sloping  line  for  either  unit.  For  example,  the  cost  of  producing  a 
quantity  of  material  equivalent  to  the  distance  OL  on  unit  B  would 
be  shown  at  C,  while  the  cost  of  producing  the  quantity  of  material 
equivalent  to  OLt  on  unit  A  would  be  shown  at  C,.  If  an  analytical 
solution  is  offered,  using  the  production  OL  as  a  base,  it  is  apparent 
that  unit  A  would  be  chosen;  but,  if  the  production  OL,  is  used  as 
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the  production  base,  the  decision  would  be  reversed  and  unit  B  would 
be  selected. 

Graphic  solutions  of  this  type  are  also  very  valuable  for  use  in 
showing  tendencies.  Suppose,  for  example,  the  “present  production,” 
or  the  production  as  shown  by  past  records,  were  such  that  the  out¬ 
put  was  at,  or  near,  the  crossing  point  X  of  the  two  cost  lines.  The 
probable  future  production  would  then  have  a  very  important  bear¬ 
ing  on  which  piece  of  equipment  was  chosen.  If  indications  pointed 


Fig.  3.  Graphic  Comparison  of  Total  Costs  of  Two  Pieces  of  Equipment 

Producing  the  Same  Article. 


to  larger  output  in  the  future,  unit  B  would  be  the  choice;  whereas, 
if  indications  pointed  to  a  decreasing  future  market,  unit  A  would 
certainly  be  installed. 
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Solutions  of  this  kind  would  he  comparatively  easy  it  cost-sheets 
contained  records  that  could  be  plotted,  and  curves  of  this  type  could 
be  drawn.  L  nfortunately  this  is  very  seldom  the  case.  \\  hen  it  is 
tried,  the  results  are  often  close  to  ridiculous  and  the  cost  records 
must  often  be  subjected  to  the  most  minute  scrutiny  and  analysis 
before  any  reason  for  the  changes  in  cost,  for  changes  in  load,  can 
be  discovered;  yet  many  engineers  are  continually  referring  to  the  cost- 
sheets  for  information  and  often  accepting  that  information  as  basic 
and  final  with  little  or  no  attempt  on  their  part  to  analyze  the  data 
and  correlate  the  facts  in  proper  relation  to  each  other,  or  to  the 
whole. 

Industrial  cost-sheets  are  simply  records  of  past  expenditures, 
carefully  segregated  and  classified,  so  that  they  can  be  charged  to  the 
proper  items  or  accounts.  They  do  not  attempt  to  set  forth  the 
“economics”  of  an  industrial  situation,  and  while  they  do  attempt  to 
take  careful  account  of  the  difference  between  capital  expenditures, 
maintenance,  operating  and  production  costs,  etc.,  there  are  always  a 
large  number  of  expenditures  in  what  might  be  termed  the  twilight 
zone,  which  are  very  difficult  to  classify.  Furthermore,  industrial 
equipment  has  an  unfortunate  habit  of  requiring  major  expenditures 
at  more  or  less  widely  separated  and  irregular  intervals  of  time  when 
complete  overhauling  or  rehabilitation  is  necessary. 

M  onthly  and  even  annual  records  of  past  expenditures  are  very 
likely  to  be  exceedingly  erratic,  particularly  so  if  they  are  taken  in 
relation  to  the  production  of  the  unit.  A  good  example  of  this  is  seen 
in  the  records  of  operating  costs  of  a  turbo-generator  station  when 
these  operating  costs  are  plotted  against  the  production. 

After  correcting  the  fuel  cost  to  a  common  base,  for  uniformity, 
the  cost-sheet  gave  the  results  shown  in  Fig.  4  for  33  successive 
months  of  operation.  In  this  figure,  the  operating  cost  in  dollars  per 
month  is  used  as  the  vertical  ordinate  and  the  production  in  kilowatt- 
hours  per  month  is  used  as  the  horizontal  ordinate.  The  star  shows 
the  weighted  average  cost  and  production  for  the  period  covered. 

To  say  that  results  shown  bv  the  cost-sheet  are  somewhat  erratic 
seems  to  be  stating  the  case  rather  mildly,  yet  the  cost-accounting 
system  used  by  this  company  is  a  most  complete,  carefully  laid  out 
and  maintained  system.  Here  is  a  case  where  the  identical  piece  of 
equipment  is  producing  an  identical  product  month  after  month,  with 
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the  same  raw  materials  used  for  production  and  the  same  force  of 
workmen  who  were  paid  the  same  wages  throughout  the  period,  and 
yet  the  erratic  variations  in  costs  appear  to  be  almost  ridiculous.  The 
results  after  the  items  had  been  analyzed  and  separated  into  their 
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33  MONTHS  WEIGHTED  AVGE. 


PRODUCTION  -  KW.HRS.  PER  MONTH. 


Fig.  4.  Costs  of  Turbo-Generator  Station  When  Plotted  against  Production. 


constant  and  increment  portions,  are  shown  in  Fig.  5.  In  this  figure, 
the  original  position  of  the  monthly  costs  has  been  preserved  and 
they  are  still  as  erratic  as  ever,  but  it  will  be  noticed  that  the  weighted 
average  cost  for  the  average  production  coincides  almost  exactly  with 
the  theoretical  total  cost  line. 

The  analysis  developed  the  fact  that,  aside  from  the  varying 
cost  of  fuel  which  was  corrected  to  a  uniform  average  cost  before  any 
points  were  plotted,  the  most  erratic  item  in  this  particular  case  was 
the  cost  of  repairs.  The  three  months  of  high  cost  and  low  produc¬ 
tion  (on  the  left,  marked  A),  are  months  of  major  repairs.  During 
two  of  these  months  the  turbine  was  rebladed.  All  of  the  cost  of 
material  and  labor  was  charged  into  the  months  when  the  expense 
was  incurred  and  in  which  the  machine  was  shut  down  for  a  consid- 
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erable  period.  The  production  cost  was,  therefore,  disproportion¬ 
ately  high. 

During  the  three  months  included  in  B,  this  turbine  was  oper¬ 
ated  at  high  rating  for  long  periods  in  order  to  replace  the  output  of 
other  machines  which  were  shut  down  for  overhauling.  It  seems  that 
the  costs  for  both  groups  are  very  misleading.  There  is  no  more  cause 
for  pride  in  a  record  month  of  low  costs,  such  as  are  represented  by 


Fig.  5.  Costs  of  Turbo-Generator  Station  When  Plotted  against 
Production,  with  Theoretical  Cost  Line  Added. 

the  points  of  group  B,  than  there  is  for  worry  on  the  high  costs  as 
represented  by  group  A. 

Repairs  and  replacements  constitute  an  unavoidable  item  of  ex¬ 
pense,  and  why  should  one  month  or  one  year  be  loaded  with  expenses 
that  have  been  gradually  accumulating  over  a  period  of  one,  two  or 
three  years?  Manufacturing  enterprises  carry  fire  insurance,  paid  at 
regular  intervals  in  order  to  avoid  the  financial  shock  of  loading  a 
more  or  less  remotely  possible  major  expense  onto  a  plant  or  depart¬ 
ment  for  a  major  item  of  expense  which  may  happen.  Why  then 
should  they  not  carry  a  similar  fund  into  which  is  paid  a  regular 
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amount  to  cover  a  heavy  expense  item  that  is  absolutely  sure  to 
happen  ? 

In  order  to  illustrate  how  erratic  costs  such  as  we  have  seen  in 
Fig.  4  and  5  can  be  analyzed  and  brought  into  a  reasonable  relation  to 
the  load  and  to  each  other,  an  analysis  of  the  cost  of  operating  a  boiler 
house  for  24  consecutive  months  is  shown  in  Fig.  6.  As  is  indicated 


Fig.  6.  Cost  of  Operating  Boiler  House. 


in  the  diagram,  the  costs  of  steam  were  divided  into  general  head¬ 
ings  of  repairs,  direct  labor,  coal  handling,  and  fuel.  Each  item  in 
each  division  was  carefully  analyzed  and  plotted  over  the  two-year 
period  in  order  to  determine  the  percentage  split  between  the  con- 
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stant  and  increment  cost.  The  total  costs  for  each  of  the  various 
subdivisions  were  then  assembled  and  the  constant  and  variable  costs 
ot  the  whole  boiler  house  determined. 

Major  repairs  which  occurred  at  comparatively  long  anti  widely 
separated  intervals  of  time  were  funded  so  that  each  month  carried 
its  proper  share  of  these  major  items  and  the  total  was  not  loaded 
onto  any  particular  month.  The  monthly  fuel  costs  were  then  cor¬ 
rected  to  the  weighted  average  price  of  fuel  and  the  whole  put  to¬ 
gether  in  the  diagram  of  Fig.  6.  Note  that  the  range  of  monthly  load 
over  the  24  months  varied  from  7000  to  13,000  boiler  horse-power 
months,  which  is  a  variation  in  load  of  85  per  cent.,  while  the  maxi¬ 
mum  cost  variation  over  this  range  of  load  was  two  per  cent,  (plus 
or  minus)  from  the  theoretical  cost  line. 

Costs  kept  on  this  basis  would  be  an  invaluable  aid  to  t lie  en¬ 
gineer  instead  of  the  delusion  and  snare  which  they  often  prove  to  be 
when  taken  in  their  present  state,  without  the  clarification  of  careful 
analysis. 

Let  us  return  to  the  previous  graphs  of  cost-sheet  figures,  and 
examine  big.  7  which  illustrates  these  variations. 

Note  that  the  range  of  production  is  from  approximately 
2,400,000  to  4,400,000  kilowatt-hours — a  variation  of  84  per  cent. ; 
also  note  that  the  variation  from  the  lowest  to  the  highest  cost  is 
just  about  as  great  as  the  variation  in  production.  This  machine 
operated  at  almost  exactly  the  same  total  cost  for  the  month  indicated 
by  points  1  and  2  and  yet  the  production  at  point  2  was  65  per  cent, 
greater  than  the  production  at  point  1.  Similarly,  it  can  be  seen  that 
the  months  shown  by  points  3  and  4  were  months  of  equal  production , 
yet  the  cost  of  month  4  was  63  per  cent,  greater  than  the  cost  of 
month  3.  Continuing  further,  compare  the  unit  cost,  or  in  this  par¬ 
ticular  case,  the  cost  per  kilowatt-hour  as  indicated  bv  point  2  with 
that  of  point  5.  The  85  per  cent,  greater  production  of  point  2  cost 
30  per  cent,  less  money.  This  represents  a  variation  in  monthly  unit 
costs  of  very  nearly  240  per  cent.,  and  yet  these  cost-sheets  show  costs 
for  the  same  machine  producing  the  same  product  with  the  same  raw 
materials  and  with  costs  reduced  to  the  same  base.  The  machine  is 
also  operated  by  the  same  laborers  who  are  paid  exactly  the  same  wages. 
All  variables  have  been  removed  except  those  of  time  and  production. 
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In  view  of  such  possible  wide  variations,  can  cost-sheet  data  be  used 
by  an  engineer  for  accurate  comparisons  without  a  very  liberal  dose 
of  the  “salt”  of  careful  analysis? 

One  of  the  most  confusing  and  misleading  phases  of  costs  is  the 
constant  tendency  of  engineers  to  mix  cost-sheet  “book  values”  or  cost- 
sheet  “credits”  with  the  actual  engineering  economics  of  an  industrial 


Id 

(f) 


situation.  This  is  particularly  true  when  attempts  are  made  to  figure 
the  savings  resulting  from  changes  in  equipment. 

The  very  strong  tendency  of  many  engineers  to  be  governed 
entirely  by  the  apparent  showing  of  book  values  as  reflected  on  the 
cost-sheets,  and  their  efforts  to  maintain  or  increase  a  favorable  show¬ 
ing  of  these  "book  costs”  often  hinder  or  prevent  entirely  the  start¬ 
ing  of  programs  which  would  ultimately  lead  to  big  returns. 

Monetary  savings  are  one  of  the  most  perplexing  and  misleading 
things  which  an  engineer  is  called  upon  to  calculate;  particularly  so  if 
the  cost-sheet  book  values  are  used  as  a  basis  for  the  calculations.  To 
illustrate  this  point,  a  case  is  recalled  in  which  a  motor  replaced  a 
worn-out  steam-engine.  The  management  wished  to  know  what  sav- 
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ing  had  resulted  from  the  change.  Reference  to  the  cost-sheet  showed 
that,  among  many  items,  the  cost  of  steam  for  this  engine  was  >60,000 
a  year;  and,  further,  that  the  cost  of  the  purchased  electric  energy 
which  replaced  the  steam  was  $20,000  a  year.  Any  schoolboy  could 
see,  without  half  trying,  that  the  saving  on  the  item  of  steam  cost  was, 


STEAM  USED  PER  YEAR. 

Fig.  8.  Graphic  Representation  of  Typical  Cost-Sheet  Distribution 

for  Steam. 

therefore,  $40,000  a  year,  inasmuch  as  a  $60,000  item  had  been 
replaced  by  a  $20,000  item  on  the  books.  The  steam  cost  distribution 
as  reflected  in  the  cost-sheets  is  shown  diagrammatically  in  Fig.  8.  In 
this  figure,  the  plant  steam  distribution  has  been  simplified  to  four 
steam-engines  for  the  purpose  of  illustration. 
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The  annual  cost  of  steam  in  dollars  is  plotted  as  the  vertical 
ordinate  while  the  steam  production  is  plotted  as  the  horizontal  ordi¬ 
nate.  The  total  production  OL  was  shown  on  the  cost-sheets  to  have 
cost  OC4  dollars  and  this  cost  was  charged  to  the  four  engines  in  the 
ratio  of  their  tested  steam  consumptions.  Engine  No.  4  used  a  quan¬ 
tity  of  steam  represented  by  ML,  which  was  charged  on  the  cost- 
sheets  as  the  vertical  distance  from  C.{  to  C,. 


Fig.  9.  Graphic  Representation  of  Economic  Analysis  of  Steam 

Costs  Shown  in  Fig.  8. 

Let  us  refer  to  Fig.  9  and  see  what  really  happened  to  the  costs. 
A  careful  analysis  of  the  steam  cost  at  this  plant  showed  that  it  could 
be  analyzed  into  its  constant  and  increment  costs,  the  constant  cost 
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being  equal  to  the  vertical  height  OA,  and  the  increment  cost  being 
equal  to  the  slope  of  the  line  AH.  Engine  No.  4  was  replaced  by  the 
motor.  The  actual  steam  used  bv  each  engine,  as  determined  from 
tests,  is  plotted  along  the  horizontal  axis,  and,  in  addition,  a  large 
amount  of  lost  and  unaccounted  for  steam  is  represented  in  the  shaded 
area  in  order  to  make  the  steam  consumption  balance  with  the  steam 
production.  Each  of  the  several  engines  was  charged  on  the  books 
with  its  proportionate  share  of  the  lost  steam,  so  that  while  engine 
No.  4  actually  used  an  amount  equal  to  NL,  it  was  charged  on  the 
books  with  an  amount  equal  to  ML.  The  “book  value"  of  this  steam 
is  the  average  cost,  and  the  amount  charged  to  engine  No.  4  is  shown 
by  the  vertical  height  DB.  Furthermore,  when  the  engine  was  re¬ 
placed  by  a  motor,  only  one  short  branch  steam  line  was  removed, 
and  this  removal  had  almost  a  negligible  effect  on  the  quantity  of  lost 
steam.  It  follows,  therefore,  that  when  engine  No.  4  was  removed, 
the  load  on  the  boiler  house  was  lowered  only  by  an  amount  equal  to 
NL  and  the  change  in  cost  instead  of  moving  down  the  “average 
line  from  H  to  C,  as  shown  by  the  cost-sheets,  actually  moved  down 
the  "increment"  line  from  B  to  F,  and  the  actual  reduction  in  costs  is 
shown  by  the  vertical  height  EB,  which  was  found  to  he  $25,000  a 
year  instead  of  $60,000  a  year  as  shown  on  the  cost-sheets.  If  this 
reduction  of  $25,000  in  cost  of  steam  was  replaced  by  a  $20,000  cost 
for  purchased  power,  the  actual  saving  in  this  item  was  $5,000  a  year 
instead  of  $40,000  a  year,  which  is  only  one-eighth  of  that  shown  by 
the  cost-sheets. 


If  the  foregoing  calculations  on  the  cost  of  the  electric  energy 
were  made  from  the  records  of  a  watt-hour  meter,  the  same  error  of 
assuming  average  costs  is  again  entering  the  anah  sis. 

On  January  29,  1929,  the  author  presented  a  paper  before  this 
Society,  entitled  “Purchasing  Public  Utility  Power  for  Industrial 
Use,”*  in  which  several  public  utility  schedules  were  analyzed  and 
discussed.  It  was  shown  that  the  schedules  for  purchasing  power 
could  be  graphed  in  the  manner  shown  in  Fig.  10.  Suppose  that  the 
plant  was  consuming  a  quantity  of  energy  represented  by  OL  with  a 
demand  A,  and  the  watt-hour  meter  showed  that  this  particular  motor 
added  to  the  power  consumption  an  amount  equal  to  LL,,  making  a 
new  total  energy  consumption  OLj.  If  the  new  motor  increased  the 
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demand  on  the  plant  to  B,  then  the  line  of  average  costs  (OB)  used 
for  cost-sheet  distribution  did  not  change  and  the  analysis  was  correct. 
Suppose,  however,  that  the  new  motor  was  operated  at  a  poor  load- 

e 


Fig.  10.  Graphic  Representation  of  Cost  of  Purchased  Electric  Energy. 

factor  and  the  demand  instead  of  increasing  only  to  B  actually  increased 
to  C.  Under  these  last  conditions,  the  cost  of  electric  power  for  this 
motor  would  have  an  excessive  increase  indicated  by  the  vertical 
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height  BC,  and  the  $5000  saving  could  easily  dwindle  into  an  actual 
loss.  This  loss  would  not  be  shown  on  the  cost-sheets  because  the 
excess  cost  would  be  distributed  over  all  the  motors  in  the  works  and 
the  new  motor  would  assume  only  a  small  part  of  the  extra  cost 
burden  it  had  imposed  on  the  power  bill. 

This  offers  an  interesting  case.  A  study  of  Fig.  9  would  seem  to 
indicate  that  when  taken  on  its  own  merits,  it  might  be  said  that  the 
substitution  of  the  motor  for  the  engine  did  not  pay,  or  at  least  the 
return  would  be  small.  The  same  could  be  said  of  motorizing  engines 
No.  3  and  No.  2  in  succession;  but  when  the  last  engine  was  motor¬ 
ized  and  the  boiler  house  shut  down,  the  change  would  prove  to  be 
almost  a  “gold  mine.” 

Each  step  should  be  part  of  a  general  program  of  electrification 
and  the  whole  series  must  often  be  kept  in  mind  before  a  real  justifica¬ 
tion  can  be  found  for  the  first  step. 

Another  interesting  study  deals  with  the  relative  merits  of  the 
various  types  of  economies  made.  In  analyses  such  as  these,  there 
might  be  two  general  types: 

1.  Economies  affecting  the  increment  costs.  These  could  be 
along  the  lines  of  efficiency. 

2.  Economies  that  affect  the  constant  cost.  These  would  be 
along  the  lines  of  fixed  charges  on  the  investment,  or  they  might  affect 
any  other  item  of  the  constant  cost. 

A  glance  at  Fig.  1 1  will  show  that  the  amount  of  savings  in  the 
increment  cost  is  entirely  dependent  on  the  production  of  the  unit, 
while  any  saving  in  the  “constant’’  portion  of  the  costs  is  just  what  the 
term  implies — that  is,  constant  throughout  all  ranges  of  production. 

Dividing  the  cost  into  these  two  parts  segregates  the  items  into 
their  proper  relation  to  each  other  and  indicates  where  to  place  the 
effort  on  cost  reduction.  On  units  of  high-load  factor,  large  returns 
can  be  made  by  fairly  small  increases  in  efficiency,  but  large  returns 
for  a  given  effort  may  be  secured  by  reductions  in  the  “constant”  por¬ 
tions  of  the  cost. 

In  conclusion,  it  is  deemed  advisable  to  repeat  some  of  the 
thoughts  which  the  author  has  tried  to  emphasize;  they  are  about 
as  follows : 

1.  Industrial  cost-sheets  are  simply  records  of  past  expenditures 
and,  no  matter  how  carefully  they  are  kept  or  how  minutely  they  are 
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subdivided,  they  should  not  be  used  as  a  basis  for  calculations  of 
changes  in  either  equipment  or  operating  conditions  unless  and  until 
they  are  carefully  analyzed  and  arranged  in  their  proper  relation  to 
each  other. 

CO 


2.  Graphical  diagrams  similar  to  those  presented  in  this  paper 
will  often  clear  a  puzzling  situation  and  explain  many  apparently 
contrary  conclusions. 

3.  In  making  comparisons  between  two  sets  of  operating  condi¬ 
tions,  be  sure  that  the  comparison  is  based  on  the  actual  money  in- 
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volved,  and  not  on  a  mystifying  set  of  hook  values  of  by-products  and 
transfers  of  credits  as  between  departments. 

4.  When  figuring  savings  that  have  resulted  from  changes  in 
equipment,  do  not  “kid’’  yourself  or  your  superiors  by  using  a  lot  of 
average  costs  when  in  actual  reality  the  changes  in  cost  are  moving 
along  an  increment  line  which  is  very  much  Hatter  than  the  average 
cost  line. 


DISCUSSION 

B.  R.  Shover,  Chairman:*  Mr.  Skinkle  has  presented  in  a 
very  clear  and  comprehensive  manner  his  method  of  using  increment 
costs.  Quite  frequently  the  results  attained  by  an  improvement  or 
addition  to  a  plant  fail  to  verify  the  engineer’s  prophecy,  because  the 
effect  of  increment  cost  has  not  been  taken  into  consideration. 

If  all  items  in  the  present  cost  of  any  operation  are  put  in  one 
column  and  the  expected  cost  of  each  item  after  the  improvement  has 
been  completed  be  collected  in  a  second  column,  the  sum  of  the  two 
columns  will  represent  Mr.  Skinkle’s  method  of  increment  cost  as 
applied  to  one  particular  assumption.  The  advantage  of  his  manner 
of  calculating  the  costs  means  that,  once  done,  the  expected  results  for 
almost  any  condition,  load,  etc.,  can  he  arrived  at  from  the  curves 
without  special  calculation,  and  also  the  tendency  of  cost  is  clearly 
shown. 

W.  H.  Dupka :t  Speaking  from  an  auditor’s  standpoint  1  be¬ 
lieve  Mr.  Skinkle’s  views  with  respect  to  provisional  accounts  for 
repairs  are  very  largely  met  to-day  in  many  steel-plant  accounting 
systems.  Most  companies  now  have  provisions  for  renewal  of  rolls, 
molds,  and  stools;  provisional  funds  for  relining  of  blast-furnaces, 
rebuilding  open-hearth  furnaces,  and  by-product  coke-ovens;  and  pro¬ 
vision  for  repairs  of  heating  furnaces  and  pit  furnaces,  etc.  1  hese 
provisions  cover  a  large  proportion  of  the  charges  for  repairs  and 
maintenance. 

Regarding  the  suggestion  for  the  funding  of  repairs  to  buildings 
and  machinery,  this  is  now  being  handled  by  some  companies  in  a 
rather  limited  way,  in  that  repair  jobs  estimated  to  cost  in  excess  of 

•Consulting  Engineer,  Pittsburgh. 

tController,  Jones  &  Laughlin  Steel  Corporation,  Pittsburgh. 
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a  certain  sum  are  funded.  This  in  the  individual  case  will  depend 
upon  the  number  of  departments  and  the  units  in  each  department. 
A  large  steel  company  would  have  many  hundreds  of  departments  and 
in  most  cases  several  units  in  a  department,  thus  making  thousands  of 
items  that,  on  Mr.  Skinkle’s  basis,  would  have  to  be  funded.  It  might 
prove  impracticable  to  handle  all  accounts  in  this  manner,  as  the  cost 
of  maintaining  such  reports  would  be  more  than  they  would  be  worth 
or  any  possible  saving  could  justify;  that  is  one  thing  that,  of  course, 
would  have  to  be  kept  in  mind.  If  such  repairs  were  funded  over 
more  than  a  year  (which  in  many  cases  would  be  necessary  because 
certain  of  the  larger  units  would  not  be  overhauled  within  such 
period)  it  would  conflict  with  the  federal  income  tax  regulations 
which  do  not  permit  as  taxable  deductions,  accruals  for  repairs.  Of 
course,  some  companies  charge  certain  repairs  to  costs,  regardless  of 
the  period  of  duration  over  which  the  repairs  are  made,  and  other 
companies  charge  major  repairs  to  depreciation.  1  his  objection  can 
be  somewhat  overcome  by  charging  to  depreciation  reserve  the  major 
repairs  accruing  over  a  long  period  of  time. 

Another  point  concerning  Mr.  Skinkle’s  suggestion  is  that  the 
proposed  method  obscures  the  effect  of  the  cost  of  repairs  in  that  it 
spreads  such  costs  over  a  long  period  rather  than  allocating  the  costs 
to  the  month  in  which  they  are  made. 

W.  B.  Skinkle:  On  the  subject  of  funding  repairs  Mr.  Dupka 
has  brought  out  a  number  of  valuable  points  which  are  worthy  of 
careful  consideration  and  analysis,  and  while  I  have  known  of  the 
“blast-furnace  relining  fund"  and  the  “open-hearth  repair  fund,”  I  did 
not  know  that  the  funding  idea  had  spread  beyond  these  two  depart¬ 
ments.  Let  us  hope  that,  as  more  thought  is  given  to  the  subject,  the 
extension  of  the  idea  may  be  put  to  further  applications  than  are  in 
effect  at  the  present  time. 

Discussing  Mr.  Dupka’s  remarks  more  in  detail,  I  would  say 
that  it  was  never  the  author’s  intention  that  each  individual  machine 
or  unit  should  have  its  own  individual  repair  funds.  It  is,  however, 
possible  to  divide  the  producing  departments  of  a  plant  into  general 
groups  and  fund  the  repairs  for  the  general  group  without  too  much 
added  overhead  expense,  or,  as  we  sometimes  say,  without  the  addi¬ 
tion  of  too  many  “tons  of  paper  per  ton  of  steel.” 
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Mr.  Dupka  says  that  funding  accounts  could  probably  not  be 
held  open  for  more  than  a  year,  one  reason  being  a  direct  violation  of 
the  income  tax  rules.  In  reply  to  this,  I  would  point  out  that  blast¬ 
furnace  linings  last  much  longer  than  a  year  and  I  do  not  believe  that 
the  costs  for  the  particular  year  when  the  relining  takes  place  should 
be  “punished”  by  having  to  absorb  the  entire  expense  of  the  relining. 
P'urther  than  that,  the  United  States  income  tax  rules  are  compara¬ 
tively  new  and  have  not  stood  the  test  of  application  over  long  periods 
of  time.  Even  our  short  period  of  application  has  found  many  of  these 
rules  to  be  imperfect,  and  proper  modifications  in  the  rulings  are  the 
subject  of  almost  continual  study.  If  the  application  of  the  funding 
idea  to  repair  costs  can  be  shown  to  be  economically  sound  and  just, 
and  to  the  best  interests  of  all  concerned,  I  can  see  no  reason  why  a 
proper  presentation  of  the  idea  should  not  result  in  a  modified  ruling 
that  would  permit  of  carrying  a  repair  fund  over  from  year  to  year. 
We  certainly  do  not  have  to  wipe  out  our  depreciation  funds  every 
year,  and  why  should  we  be  required  to  wipe  out  other  funds  of  equal 
economic  soundness. 

I  can  not  see  why  a  repair  fund  should  offer  an  alibi  for  unneces¬ 
sary  repairs  to  the  operating  departments.  The  costs  of  repairs  would 
be  turned  in  through  regular  channels  just  as  at  present,  and  the 
repair  fund  would  be  enlarged  or  reduced  as  circumstances  dictated 
by  the  auditing  departments.  Unnecessary  costs  would  still  be  re¬ 
ported  and  could  not  be  covered  up  any  more  than  they  are  at  present. 

I  would  like  to  ask  Mr.  Dupka  if  the  government  requires  the 
balancing  and  wiping  out  of  repair  funds  at  the  end  of  each  year. 

W.  H.  Dupka:  I  do  not  know  that  any  fixed  policy  has  been 
determined  by  the  federal  income  tax  department,  but  if  repairs  ap¬ 
plicable  to  a  current  year  were  funded  and  major  items  that  pertain 
to  a  longer  period  were  charged  to  depreciation  reserve,  I  do  not 
believe  there  would  be  any  objections  from  that  source. 


Proceedings  of 

v  •  % 

The  Engineers’  Society 

of 

Western  Pennsylvania 

April,  1930 


Incorporated  1880 


VoL  46,  No*  4 

PART  2 


N 

List  of  Members 


Corrected  to  Jan.  1st,  1930 


William  Penn  Hotel 
Pittsburgh 


SUMMARY  OF  MEMBERSHIP 
Jan.  1st,  1930 


Resident 

Non- 

Resident 

Total 

Members . 

.  1070 

241 

1311 

Associate  Members . 

.  134 

22 

156 

Associates . 

.  58 

6 

64 

Juniors . 

.  44 

3 

47 

Student  Juniors . 

.  5 

2 

7 

1311 

274 

1585 

Entered  as  second-class  matter  at  the  Pittsburgh  Post-Office 
Acceptance  for  mailing  at  special  rata  of  postage  provided  for  in  section  1103 
Act  of  October  3,  1917,  Authorized  on  June  29th,  1918. 


The  Engineers’  Society 

of 

Western  Pennsylvania 


Incorporated  1880 


List  of  Members 


Corrected  to  Jan.  1st,  1930 


William  Penn  Hotel 
Pittsburgh,  Pa. 


ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA 

Incorporated  1880 


OFFICERS  FOR  1930 


PRESIDENT 
W.  L.  AFFELDER 


L.  C.  EDGAR 


VICE  PRESIDENTS 

F.  R.  PHILLIPS 


SECRETARY 
K.  F.  TRESCHOW 


TREASURER 
A.  STUCKI 


DIRECTORS 


A.  S.  DAVISON 
T.  J.  McLOUGHLIN 


W.  B.  SKTXKLE 
C.  E.  LESHER 


T.  F.  LABOON 
F.  F.  SCHAUER 


T.  N.  CHESTER 
J.  A.  HUNTER 


C.  N.  HAGGART 
J.  I.  ALEXANDER 
J.  A.  HOEVELER 
G.  F.  OSLER 
W.  P.  CHANDLER,  Jr. 
W.  H.  BUEXTE 
S.  S.  WALES 


Term  ^expires  19 SI 


Term  expires  1932 


Term  expires  1933 


Junior  Past  Presidents 


Section  Chairmen 


2 


SECTION  OFFICERS  FOR  1930 


AERONAUTIC  SECTION 
(Nominated  Officers) 

NORMAN  ALLDERDICE . Chairman  R.  \V.  ANDREWS .  Vice  Chairman 


Directors . 

f  A.  H.  BLAISDELL 

. \  C.  E.  DAVIS 

[  G.  M.  KIRKPATRICK 

C.  T.  LADD 

F.  F.  SCHAUER 

CIVIL  SECTION 

C.  N.  HAGGART . 

..Chairman 

Directors . 

f  L.  B.  DUFF 

. \  C.  K.  HARVEY 

[  JONATHAN  TONES 

F.  S.  MERRILL 
L.  J.  RIEGLER 

ELECTRICAL  SECTION 


J.  I.  ALEXANDER 
Directors . 


. Chairman  H.  E.  DYCHE .  Vice  Chairman 

PAUL  CALDWELL  R.  E.  UPTEGRAFF 

J.  M.  MILLER  J.  L.  McK.  YARDLEY 


ILLUMINATING  ENGINEERS’  SECTION 


J.  A.  HOEVELER 


Directors 


. Chairman  J.  S.  SCHUCHERT . Vice  Chairman 

f  W.  H.  HORTON  J.  H.  VAN  ES 

<!  H.  L.  TOHNSTON  J.  P.  WARNER 

l  L.  M.  RIDDLE 


MECHANICAL  SECTION 

W.  P.  CHANDLER,  Jr . Chairman  W.  N.  FLANAGAN . Vice  Chairman 

f  R.  E.  BUTLER  R.  M.  OVERTON 

Directors . J  H.  M.  HALLETT  T.  E.  PURCELL 

t  T.  F.  KROSKE 


MINERAL  INDUSTRIES  SECTION 

G.  F.  OSLER . Chairman  J.  F.  ROBINSON . Vice  Chairman 

f  R.  M.  BLACK  T.  B.  STURCES 

Directors . \  TOSEPH  BRYAN  J.  C.  WHITE 

[  M.  D.  COOPER 


PRACTISING  ENGINEERS’  SECTION 

W.  H.  BUENTE . Chairman  J.  B.  FREASE .  Vice  Chairman 

f  A.  E.  DUCKHAM  G.  T.  PETTAY 

Directors . \  W.  HINNAU  C».  F.  SIEFERS 

[  E.  T.  HAMS 


STEEL  WORKS  SECTION 

S.  S.  WALES . Chairman  LAUSON  STONE .  Vice  Chairman 

f  C.  W.  DAUBERT  T.  B.  WHARTON 

Directors . \  LOUIS  ELLMAN  WILLIAM  WIIIGHAM,  Tr. 

[  D.  D.  PENDLETON 


3 


COMMITTEES  FOR  1930 


J.  I.  ALEXANDER 
D.  W.  ALLAN 
TOSEPH  BRYAN 
L.  R.  BOTSAI 


G.  E.  DIGNAN 


C.  S.  DAVIS 


T.  T.  BARRY 
G.  M.  COMSTOCK 


T.  I.  ALEXANDER 
\V.  H.  BUENTE 
W.  P.  CHANDLER, 


CIVIC  AFFAIRS  COMMITTEE 
J.  A.  HUNTER . Chairman 


EX  TER  T  A  INMEN  T  COM  MI  T  TEE 


A.  S.  DAVISON 


Chairman 


T.  C.  CLIFFORD 
H.  W.  EWALD 
W.  E.  HOMER 
H.  E.  PASSMORE 


VAN  A.  REED,  Tr. 

T.  F.  ROBINSON 
W.  F.  SANVILLE 
W.  B.  SPELLLMIRE 


FIXAXCE  COMMITTEE  . 

C.  E.  LESHER . Chairman 

LOUIS  ELLMAN  \Y.  E.  FOHL 


HOUSE  COMMITTEE 

F.  F.  SCHAUER . Chairman 

L.  C.  FROHRIEB  J.  F.  ROBINSON 


MEMBERSHIP  COMMITTEE 

\Y.  B.  SKINKLE . Chairman 

E.  P.  DANDRIDGE  T.  H.  ROSS 

L.  F.  KUHMAN  G.  E.  STOLTZ 

L.  J.  LAMBERGER 


PUBLICATION  COMMITTEE 


L.  C.  EDGAR 


Chairman 


C.  N.  HAGGART 
T.  A.  HOEYELER 
Jr.  G.  F.  OSLER 


W.  B.  SHIRK 
S.  S.  WALES 
E.  R.  WEIDLEIN 


COMMITTEE  ON  BUILDING  CODE 
HARRY  J.  LEWIS . Chairman 


4 


RULES  GOVERNING  THE  AWARD  OF  MEDALS 


The  Board  of  Direction  on  May  11,  1907  authorized  the  award,  each  year,  of  two  medals 
gold  and  silver,  to  Members  of  the  Society  under  the  following  rules,  which  were  revised 
May  2S,  1915  and  December  15,  1925. 


1.  There  will  be  two  medals,  one  of  gold  and  the  other  of  silver. 

2.  The  awards  are  to  be  made  by  the  Board  of  Direction  on  the 
recommendation  of  a  committee  of  three,  appointed  by  the 
President,  from  its  members. 

3.  Medals  shall  be  open  for  competition  to  all  authors  of  papers. 
No  person  shall  receive  both  medals  in  any  one  year.  In  case 
of  award  to  a  paper  of  joint  authorship,  separate  medals  shall 
be  given  to  each  author. 

4.  The  medals  shall  be  awarded  to  the  authors  of  the  best  and 
second  best  papers  presented  during  the  year. 

The  value  of  the  papers  shall  be  judged  on  the  following 
points : 

(a)  Value  to  engineering  profession. 

(b)  Originality  of  subject  matter. 

(c)  Treatment. 

5.  The  Directors  may  refuse  to  grant  either  or  both  medals  in 
any  one  year  when  no  paper  deemed  worthy  of  award  is 
presented. 

6.  Papers  presented  at  regular  meetings  of  the  Society  or  its 
Sections  and  which  are  printed  in  the  Proceedings  only  are 
eligible  for  award. 

7.  The  medals  shall  be  presented  at  some  meeting  of  the  General 
Society,  subsequent  to  the  annual  meeting. 

8.  The  recipient’s  name  and  the  year  of  award  shall  be  engraved 
on  each  medal,  and  suitable  designation  of  Medalist  shall  be 
made  annually  in  the  published  List  of  Members  and  their 
names  enrolled  on  a  roll  of  honor  displayed  in  the  Society 
Rooms. 
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GENERAL  INFORMATION 


Meetings:  Regular  meetings  of  the  Society  are  held  on  the  third  Tuesday 
of  each  month,  except  July  and  August. 

Civil  Section  Meetings:  First  Tuesday  in  January,  March,  May,  Septem¬ 
ber  and  November. 

Electrical  Section  Meetings:  Second  Tuesday  each  month  except  June, 
July  and  August. 

Illuminating  Engineers’  Section:  Bi-Monthly,  January,  March,  May, 
September  and  November. 

Mechanical  Section  Meetings:  First  Tuesday  in  February,  April,  June, 
October  and  December. 

Mineral  Industries  Section  Meetings:  Fourth  Tuesday  in  January, 
March,  May,  September  and  November. 

Practising  Engineers’  Section  Meetings:  Third  Wednesday  of  February, 
April,  June,  October  and  December. 

Steel  Works  Section  Meetings:  Fourth  Tuesday  in  February,  April, 
June,  October  and  December. 

Annual  Meeting  of  the  Society:  Third  Tuesday  in  January. 

The  Society  rooms  and  Library  are  open  every  day,  except  Sundays, 
Memorial  Day,  Fourth  of  July,  Labor  Day,  Thanksgiving,  Christmas  and 
New  Years  from  8:30  A.  M.  to  10:30  P.  M. 

Publications:  The  Society  issues  a  publication,  Proceedings,  ten  months 
in  the  year,  containing  the  original  papers  on  technical  subjects  read  before 
the  Society,  together  with  all  discussion  offered  in  connection  therewith; 
minutes,  reports,  engineering  data  and  other  matters  of  record.  The  Proceed¬ 
ings  are  furnished  to  the  entire  membership. 

Reprints  from  this  publication,  which  is  copyrighted,  may  be  made  by 
any  other  publication  on  condition  that  the  full  title  of  paper,  name  of  author, 
page  reference,  and  date  of  presentation  to  the  Society  are  given.  This  does 
not  apply  to  matter  under  Engineering  Data,  republication  of  which  is  reserved 
to  the  Society. 

No  paper  read  before  the  Society  shall  be  published  in  any  magazine  or 
journal  before  its  appearance  in  the  Proceedings,  and  no  paper  previously 
published  shall  be  published  in  the  Proceedings  without  the  sanction  of  the 
Board. 

The  annual  subscription  to  the  Proceedings  is  So. 00.  Single  copies  50c 
each.  To  public  libraries  and  colleges,  which  agree  to  bind  and  catalog,  the 
subscription  price  is  S3. 00  per  year. 

A  List  of  Members  of  the  Society  is  published  annually. 

Professional  Papers:  All  persons,  whether  members  of  the  Society  or 
not,  are  invited  to  send  in  papers  and  discussions  on  engineering  subjects. 
All  papers  and  discussions  are  under  the  supervision  of  the  Publication  Com¬ 
mittee  and  are  subject  to  proper  editing. 
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Admission  to  Membership:  The  membership  of  the  Society  consists  of 
Honorary  Members,  Members,  Associate  Members,  Associates,  Juniors  and 
Student  Juniors.  The  qualifications  for  membership  are  given  in  Article  I  of 
the  By-Laws. 

The  Entrance  Fee  for  Members,  Associate  Members  and  Associates  is 
$10.00;  Juniors  and  Student  Juniors  are  not  required  to  pay  this  fee.  The 
annual  dues  for  Resident  Members,  Associate  Members  and  Associates  are 
$20.00,  Resident  Juniors  $10.00,  and  Resident  Student  Juniors  $3.00;  for 
Non-resident  Members,  Associate  Members  and  Associates  $10.00,  for  Non¬ 
resident  Juniors  $7.50,  and  for  Non-resident  Student  Juniors  $3.00.  Payment 
of  dues  for  the  unexpired  quarters  of  the  year  only  is  required  on  entrance 
to  the  Society. 

Society  Pins:  The  Society  Emblem,  a  small  reproduction  of  the  Seal  of 
the  Society,  in  blue  enamel  mounted  in  solid  gold,  may  be  obtained  in  either 
the  pin  or  button  style  and  will  be  mailed  on  receipt  of  $3.00  covering  cost. 

Exchange  of  House  Privileges:  House  and  Library  privileges  are  ex¬ 
changed,  on  presentation  of  membership  cards,  with  the  following  Engineering 
Societies : 

American  Society  of  Civil  Engineers,  New  York. 

American  Society  of  Mechanical  Engineers,  New  York. 

American  Institute  of  Electrical  Engineers,  New  York. 

American  Institute  of  Mining  &  Metallurgical  Engineers,  New  York. 

Boston  Society  of  Civil  Engineers,  Boston,  Mass. 

Brooklyn  Engineers’  Club,  Brooklyn,  New  York. 

Engineering  Society  of  Buffalo,  Buffalo,  N.  Y. 

Civil  Engineers’  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Cleveland,  Ohio. 

Detroit  Engineering  Society,  Detroit,  Mich. 

Engineers’  and  Architects’  Club,  Louisville,  Ivy. 

Engineering  Institute  of  Canada,  Montreal,  Canada. 

Engineers’  Club  of  Baltimore,  Baltimore,  Md. 

Engineers’  Club  of  Dayton,  Dayton,  O. 

Engineers’  Club  of  Kansas  City,  Kansas  City,  Mo. 

Engineers’  Club  of  Minneapolis,  Minneapolis,  Minn. 

Engineers’  Club  of  Philadelphia,  Philadelphia,  Pa. 

Engineers’  Club  of  St.  Louis,  St.  Louis,  Mo. 

Engineers’  Club  of  Seattle,  Seattle,  Wash. 

Engineers’  Club  of  Toronto,  Toronto,  Canada. 

Engineers’  Society  of  Pennsylvania,  Harrisburg,  Pa. 

Louisiana  Engineering  Society,  New  Orleans,  La. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Society  of  American  Military  Engineers,  Washington,  D.  C. 

Technology'  Club  of  Syracuse,  Syracuse,  N.  Y. 

Technical  Society  of  the  Pacific  Coast,  San  Francisco,  Cal. 

Toledo  Society  of  Engineers,  Toledo,  O. 

Western  Society  of  Engineers,  Chicago,  Ill. 
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MEDAL  AWARDS  FOR  PAPERS 


1907 

HENRY  SEWALD  PRICHARD 

GOLD  MEDAL 

“PROPORTIONING  OF  STEEL  RAILWAY  BRIDGE  MEMBERS" 

THOMAS  PASCHAL  ROBERTS 

SILVER  MEDAL 

“FLOODS  AND  MEANS  OF  THEIR  PREVENTION  IN  OUR  WESTERN 

RIVERS" 


1912 

FREDERICK  G.  GASCHE 
SILVER  MEDAL 

“THEORY  OF  STEAM  ACCUMULATORS  AND  REGENERATIVE 

PROCESSES” 


1915 

ARTHUR  W.  THOMPSON 

GOLD  MEDAL 

“MAGNOLIA  CUT-OFF  IMPROVEMENT  ON  THE  BALTIMORE  <fe 

OHIO  RAILROAD" 

BENJAMIN  FELAND  GROAT 

SILVER  MEDAL 

“PITOT  TUBE  FORMULAS— FACTS  AND  FALLACIES" 


1916 

JOHN  A.  HUNTER 

SILVER  MEDAL 

“TESTS  ON  A  RECENT  TYPE  OF  CHAIN  GRATE  STOKER  AND  NEW 
METHODS  OF  BAFFLING  STIRLING  BOILERS" 


1917 

A.  L.  HUMPHREY 

GOLD  MEDAL 

“  MOBILI  ZATION  OF  MATERIAL  AND  INDUSTRIAL  RESOURCES" 

ROBERT  LINTON 

SILVER  MEDAL 

“THE  WINDOW  GLASS  MACHINE" 
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1918 

JAMES  STEWART  MARTIN 

SILVER  MEDAL 

“NEW  AND  LITTLE  KNOWN  METHODS  OF  THE  CALCULATION 
OF  BEAMS,  GIRDERS,  AND  ARCHES" 


1919 

ARTHUR  E.  CROCKETT 

SILVER  MEDAL 

“CAST  STEEL  ANCHOR  CHAIN" 


1920 

MORRIS  KNOWLES  and  MAURICE  R.  SCHARFF 

SILVER  MEDALS 
Joint  Paper 

“REGIONAL  PLANNING  IN  THE  PITTSBURGH  DISTRICT" 


1921 

J.  BRADLEY  MANDEVILLE 

SILVER  MEDAL 

“AERIAL  PHOTOGRAPHY  AS  APPLIED  TO  SURVEYING." 


1922 

JAMES  STEWART  MARTIN 

SILVER  MEDAL 

“STRUCTURAL  ENGINEERING  PROBLEMS  IN  TRANSMISSION 

—LINE  CONSTRUCTION" 


1923 

J.  C.  HOBBS  and  L.  W.  HELLER 

SILVER  MEDALS 
Joint  Paper 

“PULVERIZED  FUEL  FOR  LARGE  BOILERS" 


1924 

E.  K.  MORSE 

SILVER  MEDAL 

“SOLUTION  OF  THE  TRANSPORTATION,  PARKING,  AND 
FLOOD  PROBLEMS  OF  PITTSBURGH". 
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LIFE  MEMBERS 


GEORGE  H.  DANFORTH 
GEORGE  S.  DAVISON 
WILLIAM  E.  FOHL 
L.  C.  FROHRIEB 
HENRY  D.  JAMES 
GEORGE  T.  LADD 
HARRY  J.  LEWIS 
FRED  C.  SCHATZ 
ARNOLD  STUCKI 
SAMUEL  A.  TAYLOR 
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LIST  OF  MEMBERS 


ALPHABETICAL  LIST  OF  MEMBERS  OF 

ALL  GRADES 


*A  star  placed  before  the  name  of  a  member  indicates  that  he  has  contributed  one  or 
more  papers  to  the  Society’s  Proceedings. 


Ackenheil,  Alfred  A.  (Jan.  1908;  Feb.  1925)  Engr,  John  F.  Casey  Co, 
Box  1753,  Pittsburgh,  Pa;  h,  3102  Landis  St,  Pittsburgh,  Pa.... 

. Sterling  1400 

Acker,  Albert  J.  (March  1925)  Sales  Engr,  Manning,  Maxwell  &  Moore, 
Inc,  Park  Bldg;  h,  427  Forest  Ave,  Bellevue,  Pittsburgh,  Pa . 

. Atlantic  6330 

Adair,  William  R.  (Associate)  (Dec.  1924)  Supt,  Pittsburgh,  Mars  &  Butler 
Rwy.  Co;  h,  Mars,  Pa . Mars  28-R-3 

Adams,  Henry  Clay  (Oct.  1922)  5304  St.  James  Terrace,  Pittsburgh,  Pa. 

Affelder,  Louis  J.  (July  1902)  Div.  Contracting  Mgr,  American  Bridge  Co, 
1531  Frick  Bldg;  h,  5825  Bartlett  St,  Pittsburgh,  Pa. . . .  Atlantic  4300 
AFFELDER,  WILLIAM  L.  (President)  (Oct.  1913)  V.  P,  Hillman  Coal  & 
Coke  Co,  2306  First  National  Bank  Bldg,  Pittsburgh,  Pa;  h,  12 
Dinsmore  Ave,  Crafton,  Pittsburgh,  Pa . Atlantic  2620 

Agthe,  Fred  Thomas  (June  1924)  Sales  Engr,  Allis-Chalmers  Mfg.  Co, 
Milwaukee,  Wis;  h,  1400  Wisconsin  Ave,  Milwaukee,  Wis. 
Aichberger,  Carl  (April  1927)  Dist.  Sales  Mgr,  International  Oxygen  Co, 
Verona,  Pa;  h,  728  Washington  Ave,  Oakmont,  Pa. . .  .Oakmont  129 

ALEXANDER  J.  IRVIN  (Chairman  Electrical  Section)  (Feb.  1924)  Direc¬ 
tor  Power  and  Steam  Survey  Section,  Philadelphia  Company, 
435  Sixth  Ave,  Pittsburgh,  Pa;  h,  1204-5th  Ave,  Coraopolis,  Pa. 

. Grant  4300 

★Alford,  Newell  Gilder  (Oct.  1922)  V.  P,  Eavenson,  Alford  &  Hicks, 

1300  Union  Trust  Bldg;  h,  7145  Meade  St,  Pittsburgh,  Pa . 

. Atlantic  3939 

Allan,  David  W.  (Feb.  1924)  Sales  Mgr,  Industrial  Div,  Fairmont  Mining 
Machinery  Co,  517  Clark  Bldg;  h,  1206  Rebecca  Ave,  Wilkins- 
burg,  Pittsburgh,  Pa . Atlantic  9229 

Allderdice,  Norman  (June  1915)  Pres,  Arch  Machinery  Co,  Inc,  1001  Park 
Bldg;  h,  5727  Wilkins  Ave,  Pittsburgh,  Pa . Atlantic  6430 

Allderdice,  Taylor  (Feb.  1917)  1001  Park  Bldg;  h,  5727  Wilkins  Ave, 
Pittsburgh,  Pa . Atlantic  6430 
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List  of  Members 

Allen,  Harvey  (Feb.  1903)  Consulting  Engineer,  Private  Practice;  h,  347 
Columbia  Ave,  West  View,  Pittsburgh,  Pa . Wellington  1163-R 

Allen,  James  Gillespie  (Associate  Member)  (June  1926)  Radio  Engr, 
Duquesne  Light  Co,  800  Duquesne  Bldg,  Cecil  Way,  Pittsburgh;  h, 
123  Harrison  Ave,  Avalon,  Pittsburgh,  Pa. ..  Grant  4300  Ext.  533 

Allen  J.  Wallace  (Dec.  1928)  Chief  Mechanical  Engineer,  Clairton  By- 
Product  Coke  Works,  Carnegie  Steel  Company,  Clairton,  Pa;  h, 
540  Mitchell  Avenue,  Clairton,  Pa . Clairton  5 

Allen,  Lewis  C.  (Associate)  (March  1928)  Sales  Engr,  Fairbanks  Morse  & 
Co,  Cleveland,  Ohio;  h,  Emerson  Ave,  Parkersburg,  W.  Va. 

Allewelt,  Robert  (March  1929)  Sales  Engineer,  General  Electric  Co,  1317 
Oliver  Building;  h,  531  Collins  Ave,  Apt.  12,  Pittsburgh,  Pa . 

. Atlantic  6400 

Allison,  John  Harold  (May  1921)  Vice  Pres,  E.  J.  Deckman  Co,  902  Oliver 
Bldg;  h,  605-A  Worth  St,  Pittsburgh,  Pa . Atlantic  1843 

Altsman,  William  H.  (June  1928)  Mech.  Engr,  Pittsburgh,  Harmony, 
Butler  &  New  Castle  R.  R,  602  Benedum-Trees  Bldg;  h,  67  Watsonia 
Blvd,  N.  S,  Pittsburgh,  Pa . Court  0194 

Anderson,  Burt  T.  (Associate  Member)  (Nov.  1928)  Asst,  to  Vice  Presi¬ 
dent,  Union  Switch  &  Signal  Co,  Swissvale,  Pa;  h,  6944  Thomas 
Blvd,  Pittsburgh,  Pa . Penhurst  0880-Ext.  208 

Anderson,  Charles  H.  (Oct.  1925)  Estimator  Jones  &  Laughlin  Steel  Corp, 
Aliquippa,  Pa;  h,  2112  Arlington  Ave,  Mt.  Oliver  Sta,  Pittsburgh, 

Pa . Court  3240 

Anderson,  Harry  Clifford  (Oct.  1927)  Chief  Engr,  American  Sheet  Opener 
Co,  and  Blastco  Corp;  h,  R.  F.  D.  No.  1,  Bradley,  Mich. 

Anderson,  Robert  (Feb.  1919)  Steel  Works  Engr,  Carnegie  Steel  Co, 
Homestead,  Pa;  h,  804  Hiland  Ave,  Coraopolis,  Pa . 

. Homestead  2603 

Anderson,  Walker  (Associate)  (Dec.  1926)  Sales  Engr,  General  Electric  Co, 
Oliver  Bldg;  h,  1421  Walnut  St,  Edgewood,  Pittsburgh,  Pa . 

. Atlantic  6400 

Andrews,  J.  R.  (March  1929)  Designer,  Aetna  Standard  Engineering  Co, 
1400  Chamber  of  Commerce  Bldg,  Pittsburgh,  Pa;  h,  700  Fourth 
St,  Beaver,  Pa .  Atlantic  9000 

Andrews,  John,  Jr.  (May  1929)  Central  District  Manager,  Westing- 
house  Electric  &  Manufacturing  Company,  1800  Grant  Building; 
h,  5556  Wellesley  Ave,  Pittsburgh,  Pa . Atlantic  8400 

Andrews,  Roger  W.  (May  1921)  Assistant  to  the  President,  Blaw-Knox 
Co.  P.  O.  Box  915,  Pittsburgh,  Pa;  h,  Delafield  Heights,  Aspin- 
wall,  Pittsburgh,  Pa . Sterling  2700 
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Andrews,  William  W.  (June  1921)  Civil  &  Mining  Consulting  Engr,  1200 
Jones  Law  Bldg,  Pittsburgh,  Pa;  li,  430  Beech  wood  Ave,  Carnegie, 

Pa . Court  0275 

Angle,  James  Macfarlane  (Oct.  1919)  Assoc.  Highway  Bridge  Engr,  U.  S. 
Bureau  of  Public  Roads,  P.  O.  Box  J,  Shepperd  Bldg;  h,  201  Clayton 
St.  Montgomery,  Ala. 
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Company,  Greensburg,  Pa;  h,  Webster  Hall,  Pittsburgh.  Pa . 
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Mantle,  Gregory  Douglass  (March  1923)  Pres,  Mantle  Engineering  Co, 
Oliver  Bldg;  h,  5738  Kentucky  Ave,  Pittsburgh,  Pa.  . .  .Atlantic  0338 

Marks,  Herbert  E.  (Associate)  (Oct.  1914)  President,  H.  E.  Marks  Corpora¬ 
tion,  First  National  Bank  Bldg.  McKees  Rocks,  Pa;  h,  Orchard 
and  Linden  Sts,  Glen  Osborne,  Sewickley,  Pa . Federal  3608 
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74 


List  of  Members 


Martin,  John  M.  (Jan.  1903)  Mgr.  Shiftier  Plant,  American  Bridge  Co, 
115  51st  St;  h,  5390  Wilkins  Ave,  Pittsburgh,  Pa . Atlantic  4300 
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Mattingley,  George  B.  (Associate  Member)  (May  1924)  Dist.  Sales  Mgr. 
Edge  Moor  Iron  Co,  Edge  Moor,  Delaware;  h,  1504  Delaware  Ave, 
Wilmington,  Del. 
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Wharton,  William  Bakewell  (Associate  Member)  (Sept.  1923)  Patent 

Attorney,  Farmers  Bank  Bldg;  h,  1208  Murrayhill  Ave,  Pittsburgh, 
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. Atlantic  2181 

White,  Jerome  C.  (Dec.  1928)  Production  Engr,  Pittsburgh  Coal  Co,  1012 

Oliver  Bldg:  h,  1416  Potomac  Ave,  Pittsburgh,  Pa. .  .Atlantic  2181 
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.  Butler  24121 

Wiester,  Blanchard  Clyde  (Associate)  (Dec.  1924)  Salesman,  Bethlehem 
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University  Place,  Pittsburgh,  Pa .  Atlantic  5100 
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Yardley,  John  Linn  Me  Kim  (May  1921)  Mgr.  Engineering  Div,  Westing- 
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Oklahoma  City 

Mandeville,  J.  B. 

Tulsa 

Moore,  L.  C. 


PENNSYLVANIA 

Allentown 

Heller,  L.  W. 

Aliquippa 

Littler,  C.  W. 

Reed,  L.  J. 

Schaller,  R.  H. 
Shrom,  W.  G. 

Allison  Park 

Morgan,  E.  F. 

Pacy,  E.  H. 

Ritts,  A.  V. 

Ambrldge 

Bremmer,  F,  W. 
Johns,  A.  W. 

Olin,  O. 

Reilley,  L.  D. 
Undercoffler,  W.  C, 

Aspinwall 

Andrews,  R.  W. 
Ballard,  D.  K. 
Becker,  J. 

Bulmer,  W.  C. 
Drake,  C.  F. 
Graham,  J.  A. 
Heckmon,  C.  J. 
Henry,  J.  B. 

Hill,  H.  O. 

McKown,  H.  E. 
Moore,  E.  H. 
O'Donovan,  J.  S. 
Peth,  H.  W. 

Pryde,  D. 

Rieger,  W.  H. 
Stuart,  G.  W. 

Van  Pelt,  A.  A. 
Weaver,  G.  H. 
Wilson,  D.  R. 


Avalon 

Allen,  J.  G. 

Bailey,  J.  M. 

Blest,  M.  C. 
Daryman,  T.  A. 
Graf,  J.  E. 

Johnson,  C.  M. 
Phillips,  L. 

Polk,  R.  E. 
Querbach,  E. 

Baden 

Crafton,  H.  H. 
Tew,  J.  B. 
Wharton,  J.  B. 

Bakerstown 

Boyle,  W.  G. 

Bala 

^Watson,  T.  P. 

Beaver 

Andrews.  J.  R. 
Archer,  R.  B. 
Barrett,  J.  M. 
Bradshaw,  G.  D. 
Coles,  H.  T 
Ccmstock,  G.  M. 
Cronemeyer,  H.  C. 
Gressley,  O.  E. 
Harton,  E.  E. 
Kline,  R.  S. 

McGrew,  A.  B. 
Pearce,  L.  G. 
Raymer,  A.  R. 
Richards,  E.  M. 
Stone,  L. 

Vincent,  L. 

Wallace,  W.  W. 

Beaver  Falls 

Neely,  F.  H. 
Patterson,  R.  F. 
Wilkerson,  T.  J. 

Bedford 

Hulse,  S.  C. 

Beechview 

Brotzman,  W.  S. 
Morton,  W.  A. 
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Belle  Vernon 

Owen,  J.  E. 

Selkirk,  W.  M. 

Bellevue 

Acker,  A.  J. 

Bauer,  R.  G. 

Blair,  G.  S. 

Bole,  H.  A. 

Bradley,  J.  R. 
Criswell,  J.  R. 
Crolius,  F.  J. 
Dornbush,  C.  C. 
Ellsworth,  W.  E. 
Greve,  E.  E. 
Hersperger,  W.  W. 
Holliday,  A.  H. 
McKee,  W.  McC. 
McRoberts,  W.  H. 
MacGregor,  J.  R. 
Martin,  P.  H. 
Miller,  C.  E. 

Miner,  P.  H. 
Nelson,  H.  L. 
Xoble,  R.  E. 

Shaw,  N.  L. 

Smith,  A.  C. 

Smith,  R. 

Stewart,  J.  E. 
Stucki,  A. 
Tishlarich,  O.  M. 
Trimble,  A.  F. 
Voelker,  A.  A. 
Warren,  R.  V. 
Young,  C.  A. 

Ben  Avon 

Aston,  J. 

Berger,  X.  J. 
Campbell,  J.  T. 
Cunningham,  D.  S. 
Davis,  P.  G. 
Donaldson,  J.  T. 
Donnan,  D.  M. 
Duff,  L.  B. 

Duff,  S.  E. 

Hallett,  H.  M. 
Harris,  C.  A. 
Hunter,  J.  A. 
Jackson,  W. 

Karn,  F.  S. 


Kirk,  R.  L. 

Lamm,  L.  L. 
Lesher,  C.  E. 
McGinnis,  T.  P. 
McGonagle,  A. 
Mann,  H.  B. 
Millar,  R.  J. 
Moore,  H.  L. 

Pinkerton,  A. 
Reich,  P.  J. 
Riegler,  L.  J. 

Stow,  F.  S. 
Thompson,  J.  I. 
Walworth,  S.  L. 
Ward,  N.  B. 

Watt,  S.  N. 

Braddock 

Gerwig,  F.  H.  N. 
Brentwood 

Cramer,  R.  E. 
Kenney,  F.  M. 
Schuchert,  J.  S. 

Bridgeville 

Houssman,  J. 
McGarvey,  A.  G. 
Svensson,  O.  M. 
Young,  P.  A. 

Brookline 

Figee,  W.  F. 
Hamilton,  W.  B. 
Hezlep,  J.  H. 
Hirsh,  W.  L. 

Brookville 

Loftus,  P.  F. 

Brownsville 

Lamb,  W.  V. 

Orr,  D.  K. 

Burnham 

Skinner,  O.  C. 

Butler 

Christianson,  A. 
Holiday,  H. 
Townsend,  J.  F. 
Wickerham,  P.  S. 

Camp  Hill 

Smith,  J.  H. 


Canonsburg 

Neill,  B.  E. 
Schade,  C.  G. 
Straub,  T.  A. 
Townrow,  F.  W. 

Carnegie 

Andrews,  W.  W. 
Bushnell,  C.  D. 
Dignan,  G.  E. 
Godard,  R.  S. 
Hoffman,  W.  G. 
McDonald,  F.  A. 
Seidle,  N.  R. 

Castle  Shannon 

King,  F.  E. 

Chambersburg 

Lehner,  G.  K. 

Charleroi 

Sutherland,  W.  C. 

Cheswick 

Burden,  H.  W. 
Schenck,  R.  G. 
Stephens,  W.  M. 

Clairton 

Allen,  J.  W. 
Kingsley,  C.  B. 
Whigham,  W.  J. 

Clearfield 

Dethloff,  W.  L. 

Coraopolis 

Alexander,  J.  I. 
Anderson,  R. 
Arras,  J.  W. 

Boyd,  M. 

Cooper,  F.  M. 
Cornelius,  H.  R. 
Edwards,  V.  B. 
Eissler,  R.  F. 
Gleason,  D.  T. 
Hensen,  E. 

Hilton,  W.  R. 
Hutchinson,  G.  H. 
Irons,  D.  M. 
Klindworth,  J.  L. 
Knopf,  J.  R. 

Ladd,  G.  T. 
Laughner,  W.  E. 
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Loomis,  F.  W. 
McCabe,  W.  P. 
Martin,  C.  A. 
Masters,  W.  C. 
Mekeel,  D.  L. 
Moreland,  W.  C. 
Peters,  F.  G. 

Sipe,  C.  A. 
Skinkle,  W.  B. 
Stafford,  S.  G. 
Starr,  A.  B. 
Steber,  H.  L. 
Stone,  C.  E. 
Turner,  G.  W. 
Weimer,  W.  G. 

Crafton 

AfTelder,  W.  L. 
Biggert,  F.  C 
Braden,  E.  V. 
Buys,  O. 

Carnes,  \Y.  K. 
Carr,  J.  C. 
Connar,  V.  N. 
Crocker,  E.  E. 
Dolan,  A.  V. 
Dunn,  H.  E. 
Elshofif,  R.  H. 
Heinle,  A.  W. 
Holveck,  J.  E. 
Keller,  W.  L. 
Kiser  A.  B. 
Loomis,  D.  W. 
McGannon,  F.  E. 
Mason.  E.  J. 
Pearsall,  L.  T. 
Ramsey,  J.  N. 
Riley,  A.  D. 
Smith,  N.  G. 
Snyder,  J.  C. 
Stotz,  E.,  Jr. 
Straub,  D.  B. 
Taylor,  N.  C. 
Wiggins,  W.  D. 

Dawson 

Parsons,  S.  J. 

Devon 

Walker,  J.  W. 


Donora 

Iiams,  E.  J. 

Dormont 

Archer,  A.  A. 
Auchmuty,  R.  L. 
Austin,  W.  M. 
Baer,  H.  L. 
Bates,  R.  P. 
Behney,  C.  C. 
Blake,  A.  W. 
Boyd,  J.  R. 
Brosius,  W.  O. 
Buente,  C.  F. 
Buhl,  W. 
Cameron,  H.  E. 
Connor,  F.  A. 
Cook,  J.  O. 
Daum,  A.  E. 
Davies,  J.  W. 
Dempler,  G.  P. 
Dixon,  H.  L. 
Ehmann,  R.  L. 
Eichleay,  R.  O. 
Emory,  G.  W. 
Ewald,  H.  W. 
Farmer,  H.  G. 
Francis,  C.  B. 
Frohrieb,  L.  C. 
Fuhs,  W.  F. 
Goodwin,  I.  D. 
Gunther,  F.  A. 
Harvey,  C.  K. 
Holt,  H.  B. 

Hop  wood,  J.  M. 
Jenkins,  R.  R. 
Keagy,  A.  D. 
Keefer,  G.  M. 
Kendall,  T.  H. 
Kendall,  V.  V. 
Kinter,  D.  W. 
Knoble,  E.  F. 
Lamberger,  L.  J. 
Logan,  H.  M. 
Lovett,  S.  C. 

Me  Wade,  F.  J. 
Magill,  F.  R. 
Magnani,  C. 
Moeller,  N.  D. 
Paschedag,  C.  C. 


Reed,  N.  J. 

Riddle,  L.  M. 
Roberts,  G.  B. 
Ryman,  C.  F. 
Severn,  A.  B. 
Shriner,  E.  C. 
Stockdale,  H.  S. 
Stroup,  E.  C. 
Sturges,  T.  B. 
Treschow,  K.  F. 
Watkins,  D.  N. 
Wood,  F.  J. 

Dravosburg 

McKinney,  It.  M. 
Peat,  D.  B. 

DuBois 

Hess,  O.  P. 

Duquesne 

Beck,  H. 

Cummins,  A.  C. 
Davies,  T.  P. 
Knapp,  J.  H. 
McDonald,  C.  F. 
McLoughlin,  T.  J. 
Mikaloff,  J.  P. 
Riddle,  L.  E. 
Trayers,  E.  B. 

East  Brady 

Robertson,  D. 

Edgewood 

Anderson,  W. 
Auburn,  B.  J. 
Broden,  E.  R. 
Brown,  E.  C. 
Buchanan,  E.  R. 
Cadman,  A.  M. 
Cadman,  M.  McW. 
Davison,  A.  S. 
Graybill,  J.  H. 
Hawley,  W.  C. 

Hiles,  J.  D. 

Hill,  H.  C. 
Humphrey,  A.  L. 
James,  H.  D. 

Kerr,  A.  B. 
Livermore,  A.  C. 
Lubelsky,  B.  L. 
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Lynch,  T.  D. 
McCune,  J.  C. 
Miller,  J.  F. 
Miller,  J.  T. 
Renton,  W.  C. 
Robey,  H.  F. 
Sproull,  C.  W. 
Stoltz,  G.  E. 
Thorne,  J.  M. 
Tylee,  D.  0. 

Uhl.  E.  J. 
Walton,  J.  P. 

Edgeworth 

Dunsford,  J.  R. 
Millard,  E.  H. 

Elizabeth 

Miller,  H.  R. 
Reed,  V.  A.,  Jr. 
Thomas,  E.  A. 

Ellwood  City 

Baxter,  J.  W. 
Dunnells,  C.  G. 
Offutt,  J.  W. 
Pugh,  G.  A. 
Smith,  H.  W. 
Stiefel,  R.  C. 

Emsworth 

Berger,  J.  N. 
Culler,  A.  A. 
Emrick,  A.  B. 
Forsberg,  R.  P. 
Francies,  W.  H. 
Hazeltine,  H.  L. 
Smith,  H.  P. 

Etna 

Ritts,  W.  H. 

Farrell 

Rodgers,  E.  H. 

Finleyville 

Reese,  D.  M. 

Franklin 

Dake,  W.  M. 

Fredericktown 

Weise,  P.  H. 

Freeport 

Taylor,  D.  E. 


Galina 

Kier,  S.  M. 

Glassport 

McMullin,  P.  S. 
Smith,  W.,  Sr. 

Gibsonia 

Truebe,  P.  G. 

Glenfield 

Johanson,  H.  K. 
Kratzer,  W.  N. 
Leeper,  J.  B. 
Waldschmidt,  H.  C. 

Glen  Osborne 

Berg,  J.  D. 

Dann,  A.  W. 
Leonard,  J.  F. 
Marks,  H.  E. 

Glenshaw 
Higgins,  T. 

Thomas,  G.  P. 

Greensboro 

Danahy,  J. 

Greensburg 

Comstock,  R.  A. 
Hammer,  L.  E. 
Jamison,  W.  W. 
Lynch,  C.  F. 

Meyer,  P.  A. 

Rudd,  H.  H. 

Witt,  C.  V. 

Greenville 

Layng,  F.  R.  S. 
Porter,  H.  T. 

Harrisburg 

Beckwith,  H.  E. 
Eckels,  S. 

Hosier,  R.  N. 
Hovey,  O.  W. 
Whited,  W. 

Haysville 

Over,  R.  W. 

Homestead 

Schuchman  B.  F. 
Smith,  W.  W. 


Homestead  Park 

Davis,  C.  E. 

Wilson,  C.  A.  M. 

Houston 

Geeseman,  D.  B. 
Ingram 

Hess,  C.  E. 

Kern,  P.  D. 

Rayburn,  J.  M. 
Whitman,  P.  S. 

Irwin 

Hockensmith,  W.  D. 
Miller,  J.  M. 

Perkins,  T.  S. 
Witmer,  C.  K. 

Johnstown 

Bracken,  M.  J. 
Brown,  H.  V. 

Johns,  T.  R. 

Trexler,  E.  W. 

Kittanning 

Barnes,  J.  F. 

Lloyd,  F.  J. 

Norman,  F. 

Lancaster 

Cochran,  J.  S 
Langeloth 

Wray,  D.  C. 

Latrobe 

Giles,  D.  J. 
McKenna,  R.  C. 

Leechburg 

Becker,  M. 

Library 

Clark,  C.  H. 

Kubitz,  F. 

Le  Bon,  C.  B. 
MacLachlan,  R. 

McKeesport 

Butler,  T.  E. 

Clark,  M.  P. 

Cooley,  H.  M. 
Goodspeed,  G.M. 
Herpel,  H.  C. 
Herrman,  T.  J. 

Hill,  F.  L. 
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Holmes,  A.  B. 
McCrystle,  J. 
Malseed,  W.  H. 
Ottinger,  H. 
Patterson,  P.  C. 
Savage,  L.  F. 
Selquist,  R. 

Shultz,  F.  W. 

Trax,  E.  C. 
Wiester,  B.  C. 

Mars 

Adair,  W.  R. 

Mather 

Dunbar,  F.  B. 

Midland 

Mclnerney,  W.  I. 

Millvale 

Burns,  S.  H. 
Busch,  H.  F. 
Lyon,  J.  A. 

Monessen 

Chartener,  V.,  Jr. 

Monongahela  City 

Carr,  U.  U. 
Rodgers,  W.  P. 

Morrisville 

Malmstrom,  U.  W. 

Mount  Lebanon 

Bisler,  W.  E. 
Bloom,  F.  S. 

Bohn,  D.  I. 

Boyle,  W.  W. 
Chew,  R.  E. 
Cooke,  M.  W. 
Culbertson,  A.  L. 
Cundy,  O.  R, 
Denigan,  E.  P. 
Elliott,  B.  K. 
Flanagan,  W.  N. 
Foight,  C.  D. 
Freeman,  P.  J. 
Gamble,  E.  R. 
Garratt,  F. 

Grimm,  B.  F. 
Haggart,  C.  N. 
Haller,  F.  E. 


Henderson,  D. 
Herrmann,  J.  L. 
Hoeveler,  J.  A. 
Horner,  W.  E. 
Johnson,  A.  B. 
Keogh,  J.  K. 
Kuhnian,  L.  F. 
Laboon,  J.  F. 
Laird,  J.  B. 
Leathers,  H.  M. 
Loughin,  P.  R. 
McCain,  P.  L. 
McEwen,  J.  A. 
McEwen,  J.  D. 
Minotte,  J.  F. 
Mulert,  J.  L. 
Nelson,  J.  A. 
Nichols,  G.  W. 
Nourie,  L.  R. 
Osbourne,  R.  B. 
Olson,  H.  M. 

Orr,  N.  H. 

Orr,  R.  V. 

Orr,  T.  E. 
Overton,  R.  M. 
Palmer,  C.  D. 
Peebles,  T.  A. 
Phillips,  F.  R. 
Rapp,  R.  L. 
Rederer,  B.  S. 
Reed,  C.  A. 
Robinson,  M.  R. 
Roy,  R.  J. 

'  Schultz,  F.  G. 
Shotton,  B.  G. 

Slater,  H.  B. 
Smith,  P.  M. 
Southard,  C.  F. 
Speaker,  J.  C. 
Strickler,  J.  H., 
Stuckeman,  H.  S. 
Taggart,  R.  S. 
Taylersen,  E.  S. 
Taylor,  C. 
Terman,  M.  J. 
Turner,  A.  A. 
Uhlinger,  R.  H. 


Vogel.  L.  J. 

Von  Thaden,  H. 
Welker.  R  M. 
White,  H.  M. 
Wunder,  E.  D. 
Wyrough,  C.  J. 

Munhall 

Oursler,  J.  S. 

Natrona 

Clement,  A.  E. 

New  Brighton 

Dalbey,  J.  L. 
Mali,  F.  F. 

Wendt,  E.  F. 

New  Castle 

Gordon,  H.  L. 
Rowland,  R.  W. 
Toler,  J.  P. 
Wheeler,  W.  S. 

New  Kensington 

Smith.  D. 

Smyers,  W.  H. 

North  Braddock 

Phillips,  F.  B. 

Oakmont 

Aichberger,  C. 
Boothman,  D.  M. 
Duden,  E.  G. 
Dunham,  B.  W. 
Fox.  C.  A. 
Jeffries,  Ernest 
Jones,  J. 

Macfarren,  W.  W. 
MacGough,  M.  C. 
Seaver,  K. 

Stotz,  N.  I. 
Wagenseil,  E.  W. 
Williams,  H.  L. 
Winkleman,  E.  J. 

Parnassus 

Burgham,  M.  L. 
Grier,  L.  N. 
Stewart,  A.  J. 
Templin,  R.  L. 
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Perrysville 

Beach,  W.  J. 
Bingay,  It.  V. 
Fusca,  E.  A. 

Philadelphia 

Cornelius,  W.  A. 
Dinkey,  A.  C. 
Hodgkinson,  F. 
McCausland,  R.  W. 
Thompson,  A.  W. 

Warden,  W.  G. 
Webster,  W.  R. 
Webster,  T.  F. 

Pitcairn 

McMichaels,  W.  A. 

Pittsburgh 

Ackenheil,  A.  C. 
Adams,  H.  C. 
Affelder,  L.  J. 
Alford.  N.  G. 
Allderdice,  N. 
Allderdice,  T. 
Allewelt,  R. 

Allison,  J.  H. 
Altsman,  W.  H. 
Anderson,  B.  T. 
Anderson,  C.  H. 
Andrews,  J.,  Jr. 
Archer,  A.  A. 
Arens'burg,  F.  L. 
Arrowsmith,  J.  C. 
Augustine,  C.  E. 
Austin,  W.  M. 
Babb,  J.  E. 
Bacharach,  H. 
Bachtel,  S.  R. 

Bain,  J.  G. 

Baird,  H.  V. 

Baker,  J.  M. 

Baker,  T.  S. 
Bankson,  E.  E. 
Barchfeld,  H.  C. 
Barney,  H. 

Barr,  J.  C. 

Barret  ,  C.  H. 
Barry,  L.  T. 

Barry,  T.  J. 


Bartholomew,  T. 
Batchelar,  E.  C. 
Bathgate,  O.  H. 
Baton,  G.  S. 
Beatty,  F.  A. 
Beatty,  J.  D. 

Bell,  F.  B. 

Bell,  G.  G. 

Benn,  C.  L. 
Benner,  J.  W. 
Bennett,  C.  W. 
Berger,  J.  N. 
Bernstein.  L. 
Bickel,  W.  D. 
Bishop,  F.  L. 
Black,  R.  M. 
Blakeslee,  D.  W. 
Blenko,  W.  J. 
Blickle,  H.  R. 
Bloomquist,  O.  A. 
Blum,  L.  P. 
Boardman,  C.  S. 
Botsai,  L.  R. 
Bowman,  F.  M. 
Bradford,  H.  H. 
Brahm,  H.  O. 
Bray,  J.  M. 
Breisky,  J.  V. 
Brigel,  S.  G. 
Britton,  J.  R. 
Brooks,  J.  B. 
Brosius,  E.  E. 
Brown,  A.  A. 
Brown,  C.  F. 
Brown,  H.  D. 
Brown,  J.  M. 
Brown,  J.  T.,  Jr. 
Brown,  N.  F. 
Brown,  W.  E. 
Bruner,  F. 

Bruner,  W.  J. 
Bryan,  J. 

Buell,  F.  T. 
Buente,  W.  H. 
Buenting,  O.  W. 
Buerger,  C.  B 

Burgess,  C.  C. 
Burgess,  H.  R. 
Burton,  J.  E. 


Butler,  A.  G. 

Butler,  It.  E. 

Buxton,  J.  J. 

Byrnes,  C.  J. 

Byrne,  W.  L. 

Caffall,  G.  A. 
Caldwell,  P. 

Callery,  J.  D. 
Campbell,  It  D. 
Carlock,  J.  B. 
Carlson,  C.  E. 
Carlson,  E.  C. 
Carpenter,  C.  A. 
Carten,  C.  N. 
Carter,  E.  L. 

Casey,  J.  F. 
Chalfant,  F.  B. 
Chandler,  W.  P.,  Jr. 
Chappell,  T.  V. 
Cherrington,  G.  H. 
Chesrown,  E. 
Chester,  J.  N. 
Chester,  W.  D. 
Chesterman,  F.  J. 
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STRATIGRAPHY  OF 
SOUTHWESTERN  PENNSYLVANIA* 


By  J.  French  RobixsonT 

Introduction .  Since  Colonel  Drake  drilled  his  Erst  well  in 
1859,  approximately  100,000  wells  have  been  drilled  in  Southwestern 
Pennsylvania.  These  wells  have  been  drilled  to  varied  depths,  ranging 
from  a  few  feet  to  nearly  8000  feet,  with  an  expenditure  exceeding 

$500,000,000. 

Notwithstanding  the  investment  made,  very  little  detailed  stud\ 
has  been  given  to  the  correlation  of  the  various  horizons  penetrated. 
Hundreds  of  wells  have  been  abandoned  before  they  reached  the  hori¬ 
zon  to  which  they  were  supposed  to  have  been  drilled,  while  many 
other  wells  have  been  drilled  hundreds  of  feet  deeper  than  necessary 
to  reach  the  last  known  producing  sand. 

The  following  information  is  given  with  the  thought  of  elim¬ 
inating  the  above  conditions.  The  information  which  follows  was 
obtained  from  a  study  of  more  than  50,000  well  logs,  many  diamond- 
drill  cores,  and  various  outcrops  of  coal,  limestone,  and  sandstone 
horizons. 

Description  of  Work  Map.  Fig.  1  shows  the  portion  of  South¬ 
western  Pennsylvania  considered  in  this  study.  The  area  studied  has 
been  divided  into  units,  for  the  purpose  of  making  type  sections. 
These  units,  which  are  numbered  on  the  map,  are  in  most  cases  town¬ 
ships,  but  occasionally  two  or  more  townships  are  combined.  The 
numbers  ranging  from  1  to  184  provide  a  ready  reference  to  a  type 
section  in  any  county. 

The  direction  of  sections  <lAA”  and  “BB”  is  indicated  on  the  map. 

Description  of  Type  Section.  The  logs  of  individual  wells 
within  a  unit  area  were  plotted  on  strips  of  paper,  showing  all  coals, 
limes,  and  sands  penetrated,  together  with  water  and  all  oil  and 

gas  pays. 

% 

‘Received  for  publication  April  2,  1930. 

tGeologist  and  Engineer,  Peoples  Natural  Gas  Company,  Pittsburgh. 
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From  a  detailed  study  of  these  sections,  an  average  or  type  sec¬ 
tion  for  the  unit  area  was  made  by  averaging  intervals  and  thicknesses 
of  formations.  An  important  point  in  a  study  of  this  kind  was  to 
determine  a  key  formation  on  which  to  base  the  results.  Care  was 
taken  to  select  a  formation  that  could  be  identified  and  was  continuous 
over  a  great  area.  In  this  study,  the  Pittsburgh  coal  horizon  was  used 
as  the  key  formation  in  Greene,  Washington,  Beaver,  Allegheny, 
Fayette,  and  Westmoreland  counties,  while  the  Upper  Freeport  coal 
horizon  was  used  as  the  key  formation  in  Butler,  Armstrong,  Indiana, 
Clarion,  and  Jefferson  counties. 


Use  of  Type  Sections.  These  type  sections  should  prove  valu¬ 
able  to  any  operator,  for  the  following  purposes: 

1.  To  identify  all  coal  seams  which  should  be  protected. 

2.  To  drill  the  necessary  depth  of  the  proper  sized  holes. 

3.  To  provide  the  required  amount  of  casing  before  drilling. 

4.  To  make  sure  he  is  not  passing  up  a  chance  for  production, 
by  not  drilling  deep  enough. 

5.  To  make  sure  he  is  not  drilling  deeper  than  necessary  to 
reach  the  last  known  sand. 

The  value  of  these  type  sections  depends  upon  the  proper  identi¬ 
fication  and  location  of  the  key  formation.  Sometimes  this  is  difficult, 
making  it  necessary  to  do  field  work,  such  as  running  levels  and  study¬ 
ing  outcrops. 

Having  decided  to  drill  a  well,  the  first  step  is  to  determine  the 
elevation  of  the  proposed  location,  either  by  running  levels  or  from  a 
map.  Approximate  elevations,  both  surface  and  structure  at  any  point, 
can  be  obtained  from  the  United  States  Geological  Survey  folios, 
which  cover  the  larger  part  of  the  producing  area  of  Southwestern 
Pennsylvania. 

In  some  cases,  neither  the  well  elevation  nor  the  structure  infor¬ 
mation  are  available.  Even  under  these  conditions  it  is  possible  to  use 
the  type  section  to  advantage,  because  in  almost  any  part  of  South¬ 
western  Pennsylvania  the  farmer  or  some  local  person  has  some  fairly 
reliable  information  relative  to  local  formations.  They  will  be  able  to 
tell  you  the  depth  of  the  Pittsburgh  coal  at  some  point,  or  that  a 
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certain  coal  has  been  mined,  or  lime  quarried  nearby,  and  from  this 
information  you  can  get  an  approximate  tie  to  the  type  section. 

With  this  tie  established,  the  interval  to  the  key  formation  can 
be  added  to  or  subtracted  from  the  type  section,  thereby  giving  a  fairly 
good  record  of  the  proposed  well  before  it  is  drilled.  For  example; 
the  elevation  of  a  proposed  well  in  Springhill  Township,  Greene 
County,  is  1350  feet  above  sea-level,  and  from  the  United  States 
Geological  Survey  folio  the  elevation  of  the  Pittsburgh  coal  horizon 
is  350  feet  above  sea-level.  The  Pittsburgh  coal  will  thus  be  found  at 
a  depth  of  1000  feet.  If  we  now  add  1000  feet  to  our  type  section  for 
Springhill  Township,  Greene  County,  we  will  have  very  closely  a 
detail  record  of  the  well  before  it  is  drilled. 

Description  of  Sections.  Section  “AA,”  in  Fig.  2,  extends  in  a 
northeasterly  direction  from  Greene  County  to  Jefferson  County,  and 
nearly  parallels  the  old  shore  line.  There  is  slight  thinning  to  the 
north.  Nearly  all  the  horizons  are  parallel  with  very  little  evidence 
of  non-conformity.  However,  if  a  detail  study  of  the  type  sections 
along  Section  “AA”  be  made,  some  local  thickening  and  thinning  will 
be  noticed. 

Section  “BB,"  in  Fig.  3,  extends  from  Hanover  Township, 
Washington  County,  to  Ligonier  Township,  Westmoreland  County. 
A  marked  thickness  can  be  noticed  in  this  direction.  The  interval 
from  the  Pittsburgh  coal  to  the  corniferous  lime  in  Robinson  Town¬ 
ship,  Washington  County  (type  section  No.  25),  is  6135  feet,  while 
in  Ligonier  Township,  Westmoreland  County  (type  section  No.  73), 
the  interval  between  the  same  horizons  is  8435  feet.  By  a  comparison 
of  the  type  sections  between  these  points,  one  can  see  the  need  for 
type  sections  and  small  unit  areas. 

Geology  and  Topography.  Besides  the  thickening  and  thinning 
above  mentioned,  two  other  factors  account  for  the  depths  from  the  sur¬ 
face  to  the  various  horizons;  these  factors  are  geology  and  topography. 

The  great  Appalachian  oil  and  gas  field,  of  which  Pennsylvania 
is  a  part,  lies  in  a  geosyncline  or  bowl-shaped  structure,  west  of  the 
Allegheny  Front,  and  extends  from  New  York  state  to  Alabama. 
The  strata  are  so  folded  as  to  resemble  an  oblong  bowl,  the  major  axis 
of  which  extends  in  a  general  northeast  and  southwest  direction.  The 
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center  of  the  geosyncline  is  located  near  Wileyville,  Wetzel  County, 
W.  Va.,  only  a  few  miles  from  the  Pennsylvania  state  line.  This  is 
the  lowest  point  structurally  in  the  Appalachian  field.  The  Pitts¬ 
burgh  coal  has  an  elevation  of  zero  (based  on  sea-level)  at  this  point. 
In  Springhill  Township,  Greene  County,  Pa.,  the  Pittsburgh  coal  has 
an  elevation  of  200  feet,  while  at  Pittsburgh  it  has  an  elevation  of 
1300  feet.  The  various  strata  rise  in  all  directions  from  the  low  point. 
They  are,  however,  disturbed  by  other  folding  upon  the  major  fold. 
On  account  of  this  folding,  the  Pittsburgh  coal  and  all  other  strata 
resemble  a  wave.  The  difference  in  elevation  between  the  high  and 
low  points  of  the  wave  may  be  several  hundred  feet. 

All  of  our  known  producing  horizons  outcrop  in  Central  Penn¬ 
sylvania.  The  rise  to  the  north  is  gradual.  The  Murrysville  sand 
outcrops  near  Corry,  Pa.,  and  the  Gordon  sand  outcrops  near  Sala¬ 
manca,  N.  Y. 

Topography  shows  the  physical  features  of  the  earth’s  surface, 
which  are  usually  represented  by  contour  lines  on  maps.  Most  topo¬ 
graphic  maps  are  based  on  sea-level  datum. 

Just  as  topography  outlines  the  hills  and  valleys  on  the  surface, 
geologic  structure  outlines  the  hills  and  valleys  beneath. 


Producing  Horizons.  The  following  horizons  produce  either 
oil  or  gas,  or  both,  in  Southwestern  Pennsylvania : 

1.  Pittsburgh  coal. 

2.  Murphy  sand. 

3.  Little  Dunkard  sand. 

4.  Big  Dunkard  sand. 

5.  Upper  Freeport  coal. 

6.  First  gas  sand. 

7.  First  salt  sand. 

8.  Second  salt  sand. 

9.  Third  salt  sand. 

10.  Maxton  sand. 

1 1.  Big  Injun  sand. 

12.  Squaw  sand. 

13.  Second  gas  sand. 

14.  Murrysville  sand. 
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15.  Gantz  sand 

.  .  Hundred-toot  sand. 

16.  r  itty-toot  sand 

17.  Thirty-foot  sand. 

18.  Snee  sand. 

19.  Gordon  stray  sand. 

20.  Gordon  sand. 

21.  Fourth  sand. 

22.  Fifth  sand. 

23.  First  Bayard  sand. 

24.  Second  Bayard  sand. 

25.  Third  Bayard  sand. 

26.  Elizabeth  sand. 

27.  Warren  sand. 

28.  Speechley  stray  sand. 

29.  Speechley  sand. 

30.  Tiona  sand. 

31.  First  Balltown  sand. 

32.  Second  Balltown  sand. 

33.  Sheffield  sand. 

34.  First  Bradford  sand. 

35.  Second  Bradford  sand. 

36.  Third  Bradford  sand. 

37.  First  Kane  sand. 

38.  Second  Kane  sand. 

39.  Third  Kane  sand. 

40.  Oriskany  sand. 

41.  Stormville  sand. 

Is  it  any  wonder  that  the  drilling  on  many  wells  is  stopped  too 
soon,  when  we  have  a  total  of  41  producing  horizons,  of  which  39 
occur  in  an  interval  of  less  than  4000  feet?  The  producing  sands  vary 
from  a  few  feet  in  thickness  to  nearly  300  feet.  The  total  thickness 
of  sand  over  the  4000-foot  interval  covers  about  35  per  cent,  of  the 
total.  Each  sand  varies  in  thickness  in  different  localities.  Some  sands 
pinch  out  and  wedge  in,  while  stray  sands  appear  and  disappear. 

In  view  of  the  above  facts,  and  the  writer’s  experience  in  corre¬ 
lating  well  logs,  it  seems  impossible  to  name  the  sands  of  Southwest¬ 
ern  Pennsylvania  properly  or  consistently  without  using  type  sections. 
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Observations .  The  writer  has  observed  that  many  well  logs  are 
incorrect  from  top  to  bottom.  In  others,  only  a  portion  is  incorrect, 
while  in  some  only  one  or  more  sands  are  misnamed.  In  most  cases 
the  naming  of  the  sands  has  been  left  to  the  driller.  Due  to  his  train¬ 
ing  and  the  information  he  has  at  hand,  he  has  performed  his  duty 
remarkably  well,  but  too  much  has  been  expected  of  him.  It  is  now 
time  to  give  him  some  assistance. 

Results  Desired.  In  presenting  this  information,  it  is  the  hope 
and  desire  of  the  writer  that  the  following  results  be  obtained : 

1.  All  workable  coal  beds  will  be  protected. 

2.  Better  well  records  will  be  kept. 

3.  No  wells  will  be  abandoned  before  the  desired  horizon  is 
reached. 

4.  Less  drilling  will  be  done  below  known  producing  horizons. 
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TABLE  III 

|  GENERAL  SECTIONS  SHOWING  DEPTH  OF  VARIOUS  HORIZONS 
BELOW  THE  PITTSBURGH  COAL— BEAVER  COUNTY 


Name  of  Formation 

S’, 

I 

£ 

Hanover 

Townbhip 

(74) 

Top  Bottom 

Independ¬ 

ence 

Township 

(75) 

Top  Bottom 

Harmony 

Hopewell 

TowNsntPs 

(70) 

‘op  Bottom 

Economy 

Township 

(77) 

fop  Bottom 

Franklin 

Marion 

New 

Sewickley 

Townships 

(78) 

fop  Bottom 

3 

t 

§  Pittsburgh  cool . 

| 

0 

0 

0 

0 

0 

| 

u  Upper  Freeport  coal . 

=  Lower  KittAnning  coal . 

550 

780 

800 

790 

5  Clarion  coal . 

£  UrookvLUe  coal . 

£  Salt  sand . 

S.  Max  ton  sand . 

810 

900  035 

880  1010 

000  oso 

1015  1035 

975 

850 

910 

I 

I  Big  lime .  . 

=  Big  Injun  sand . 

CQ 

1055  1085 

1085  1380 

1100  1140 

10S5  1200 

1115  1350 

1140  13S0 

| 

0  "§  Squaw  sand . 

js 

1335  1360 

1310  1355 

1400  1510 

1460  1510 

*5 

1  Second  gas  sand . 

“  Murtysvillc  sand 

1500  1050 

1610  103C 

10S0  1695 

1525  1610 

10S0  1700 

1730  1805 

16S0  1710 
1745  1850 

Gant*  sand . 

Fifty-foot  sand  . 

s  Thirty-foot  sand . 

1830  1S5C 

1776  1795 

1S20  1B« 

1780  1800 
18-10  1855 

1870 

1970 

2020  2050 

1890 

2020  205C 

_  Snco  sand .  . 

P  3  Gordon  stray  sand 

3  Godron  sand .  . 

y  Fourth  sand . 

Fifth  sand. . 

1900  107C 
2025  2031 
>000  207 
2080  21 1C 

2090  2095 

2115  2155 

•2090  2100 
2100  2175 
2200  2210 

2310  233C 

u  9 

g  =  Bayard  sand . 

£  £  Warren  sand . 

55  g  Specchloy  sand . 

2210  222 
'2030  271 

2920  295( 

_ _ 

sm 


_ 
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TABLE  IV 

GENERAL  SECTIONS  SHOWING  DEPTH  OF  VARIOUS  HORIZONS  BELOW  THE  UPPER  FREEPORT  COAL— BUTLER  COUNTY 


Name  of  Formation 


Upper  Freeport  coal . 

Lower  Freeport  coal . 

Upper  Kittanning  coal.  . , 
Middle  Kittanning  coal .  , 
Lower  Kittanning  coal .  . 
Vanport  limestone . 


Clarion  coal .... 
Crnigaville  coni . . 
Brookville  coni . 

Salt  sand . 

Mercer  coni . 

Mux  ton  snnd .  .  . 


(114) 

Top  Bottom 


(115)  (116) 

Top  Bottom  Top  Bottom 


(117) 

Top  Bottom 


Franklin 

AND 

Center 

Townships 


(118)  (119) 

Top  Bottom  Top  Bottom 


(120) 

Top  Bottom 


Middlesex 

and 

Penn 

Townsiiips 

(121) 

Top  Bottom 


(122) 

Top  Bottom 


835  955  810 


Summit 

AND 

Oakland 
Townships 

(123)  (124) 

Top  Bottom  Top  Bottom 


(125) 

Top  Bottom 


Clearfield 
and 

Winfield  Donegal 
Township  Townships 


(126) 

Top  Bottom 


(127) 

Top  Bottom 


Second  gas  sand  . 
Murrysvillo  snnd. . 


1070  1095  1050 
1125  1235  1130 


Hundred-foot  snnd  . 1276 

Thirty-foot  sand .  M3Q 


Ion  stray  ,v 
Gordon  sand 
Fourth  snnd .  . 
Fifth  sand .... 


1490 

1535 

1580 

1015 

1735 


First  Bnynnl  sand . 

First  Warren  sand  . 
Second  Warren  snnd 
1  hird  Warren  snnd . 
Spccchley  stray  snnd. 

Sneechlcy  sand . 

lioini  sand . 

First  BulUown  sand 
Second  Bullion  n  snml 

Slicllicld  sand . 

First  Urudtimt  sand 
Second  Bradford  snnd 
Third  Bradford  sand 


1355  12S0 
1410  1430 


l ‘■'Hi  1 1..;, 

1500  1505 
1590  1555 
1635 
1750 


1455  1500 
1520  1530 
1500  1670 


1490 

1540 

15S0 

1020 

1720 


1500 

1570 

1015 

1000 


1790  lsio 


2840 

2480 


1600 

1030 


1500 

1555 

1000 

1700 

1700 


1810 

2100 


2530  2580  2530  2540 


1500 

1550 

1615 


1520  1545 

1555  15S5 

1625  1645 

1700 

1750 


1480 

1520 

1615 


2410 
2  TV- 
21  -V  I 
27  V, 


1 .72' ) 
1010 
1655 
1710 
1790 


1490 

1530 

15S0 

1040 

1730 


2-160 

2550 

27m 

2900 


1500 

153H 

1610 

108" 

1730 


272" 

2610 

2750 

2941 


2240 

2350 

2  PH  I 
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GENERAL  SECTIONS  SHOWING  DEPTH  OF  VARIOUS  HORIZONS  BELOW  THE  UPPER 
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TABLE  VI 

GENERAL  SECTIONS  SHOWING  DEPTH  OF  VARIOUS  HORIZONS  ABOVE  AND  BELOW  THE 
PITTSBURGH  COAL — FAYETTE  COUNTY 


Name  of  Formation 

Sprinohill 

Township 

(48) 

rop  Bottom 

Nicholson 

Township 

(49) 

Top  Bottom 

German 

Township 

(60) 

Pop  Bottom 

Luzerne 

Township 

(51) 

Top  Bottom 

Men  allen 
Township 

1  (62) 

Top  Bottom 

Redstone 

Township 

(53) 

op  Bottom 

Jefferson 

Township 

(54) 

'op  Bottom 

W'ashington 

Township 

(55) 

’op  Bottom 

Perry 

Township 

(56) 

Top  Bottom 

Upper  W'ayncsburg  coal . 

Maplctown  cool  ....  . 

Redstone  coni . 

Pittsburgh  cool . 

60 

0 

0 

100 

0 

355 

105 

0 

1° 

0 

360 

0 

0 

0 

Bnkerstown  coal . 

Little  Dunknrd  sand  . 

Brush  Creek  coni . 

Mnboning  coni . 

Big  Dunknrd  sand . 

380 

415  490 

600  660 

550  G20 

565  620 

400  680 

470  530 

570 

680  630 

560 

670 

690  640 

650 

510  590 

530 

Upper  Freeport  coni . 

1-oner  Freeport  coal . 

Upper  Kittnnning  coni . 

First  gas  sand . 

Middle  Kittnnning  coni . 

Lower  Kittanning  coal . 

703  S20 

710 

626 

780  840 

770 

850 

600 

740  760 

730 

630 

770 

605 

760  S30 

760 

615 

770  835 

760 

620 

770 

650 

860 

605 

650 

760  800 

First  salt  sand . . 

Clarion  coni . 

Second  salt  sand . 

Third  salt  sand . 

Mercer  coni . . 

Mnxton  sand . 

830  900 

850  960 

9S0  1010 

1030  1100 

780 

960 

1020  1080 

850 

1050 
1070  1110 

870 

1090 

8S0 

1100 

910  1030 

830  S90 

920  1010 

1060  1130 

890  640 

1060 

1110  1190 

Little  lime . 

1225  1240 

1170  1100 

1160  1175 

1170  1200 

1200  1225 

Big  lime . 

Big  Injun  sand  . 

1250  1280 

1280  1490 

1200  1240 

1210  1560 

1160  1230 

1230  1490 

1200  1250 

1260  1620 

1185  1250 

1260  H85 

1195  12G0 

1260  1600 

1220  1260 
1260  1560 

1240  12S0 

12S0  15S5 

1205  1250 

1250  1500 

Squaw  sand . 

1600  1700 

1610  1720 

1515  1610 

Second  gas  sand  . 

Murrysvillo  sand 

1850 

1950  1800 

—  1090 

1800  1830 

1870  1910 

1790  1820 

1830  1920 

1800  1820 
1850  1970 

18»  1900 

1870  1915 

1800  1820 
1890  19S0 

1920  19S0 

1800  1820 

1850  1950 

Gants  sand . 

Fifty-foot  sand  . 

Thirty-foot  sand . 

202C 

1920 

2010 

1010  19S0 

19S0 

2050 
2090  2110 

1915  10S5 

20(0  20SC 

1010  1950 

2075  210C 

2000 

2140 

2000  2040 
2070  2130 
2140  2170 

2025  2615 

Snee  sand . 

Gordon  stray  sand 

5  Gordon  sand 

2110  2120 

21SO  2 10C 

2100  213t 

2145  2100 

2255  22S0 

2340  2390 

2160  2176 

2210  2226 
2250  22SI 

2300  2310 

2330  2345 

2390  240( 

2440  2460 

J355  2391 

2190  2220 

2230  2200 

2410  2425 

2450  2465 

3  Fourth  sand  . 

^  Fourth  "A"  sand  . 

Fifth  sand 

Fifth  “A"  snnd  . 

2300  233C 
2340  2-115 

2140  247 

2430  2-470 

First  Bayard  sand . . 

Second  Bayard  sand 

Third  Bayard  sand 

Elizabeth  sand , 
c  First  Warren  sand 
|  Second  Warren  sand 
c  Third  Warren  sand 

C  Specchlcy  stray  Mnd 

Spccchlcy  sand . 

Sheffield  snnd 

First  Bradford  sand 

2440  24 5L 
2470  24S0 

2440  24S5 

2500  2520 

2530  255C 

2520  2540 

2560  25S0 

2520  2540 

2570  2590 

2490  2505 

3160  3170 
3220  3240 
3580  3600 
3725  3735 

First  Kane  jand 
v  1  hird  Kane  sand 
|  hirst  Elk  sand 
|  Third  Elk  sand 
£  Sand 

Sand . 

4615  4000 
4230  4235 
4415  4430 
4620  4655 
50S0  5100 
5135  6145 

l.  :v 


■  '  : 


■ 


. . 


•  •  ■ 


•  1 


. 


'  •  J 


DEVONIAN 
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TABLE  VIII 

GENERAL  SECTIONS  SHOWING  DEPTH  OF  VARIOUS  HORIZONS  ABOVE  AND  BELOW  THE  UPPER  FREEPORT  COAL— 

INDIANA  COUNTY 


•:  n 


HkitT- 


R,nn  I  Cuyahoga  i  Burgoon  |  Mnucli  Chunk  I  Beaver  Kivcr  1 
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GENERAL  SECTIONS  SHOWING  DEPTH  OF  VARIOUS  HORIZONS  BELOW  THE  UPPER  FREEPORT  COAL— 
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TABLE  XI 

GENERAL  SECTIONS  SHOWING  DEPTH  OF  VARIOUS  HORIZONS  BELOW  THE  PITTSBURGH  COAL— WESTMORELAND  COL  NT~\  _ 


Name  or  Formation 


(57) 

Top  Ilottom 


Bakcrstown  coal . 

Little  Dunkard  sand  . 

Brash  Creek  coal . 

Mahoning  coal . 

Dig  Dunkard  sand 


Upper  Freeport  coal ... 

Lower  Freeport  coal . 

Upper  Kitlanning  coal .  . 
Middle  Kitlanning  coal .  . 

First  gas  sand . 

lower  Kittanning  coal.  . 
Vanport  limestone . 


First  salt  sand .... 

Clarion  coal . 

Second  salt  sand 
Brookville  coal 
Third  salt  sand . 
Marlon  sand . 


Ill 


Little  lime. . . 
Pencil  Cave.  . 


Big  lime . 

Big  Injun  sand 


Second  gas  sand 
Murrysville  annd 

Hundred-foot  snnd 
Thirty-foot  sand 

Snce  sand .  . 

Cordon  stray  sand 
Gordon  sand 

Fourth  sand . 

Fifth  sand 

First  Unyanl  sand 
Second  Bayard  sand 
Third  Bayard  annd 

Klisabcth  sand . 

First  Warren  sand. 
Second  Warren  snnd  . 
Third  Warren  sand . 
Speechley  stray  sand 
S(>eechlcy  sand  ... 

Tiona  sand . 

First  Balltown  sand 
Second  Balltown  sand 

Sheffield  sand . 

First  Bradford  sand 
Second  Bradford  sand 
Third  Bradford  sand 

First  Kane  sand  . . 
Second  Kane  sand 
Third  Kane  sand 
Blk  sand  group 
Sand . 


SooTn 

Huntingdon 

Township 


370  140 

•145 

465  520 


370  410 

500  580 


1095 

3300 


(59) 

Top  Bottom 


NoBTn 

Huntingdon 

Townsihp 

(60) 

Top  Bolloni 


2200  2270 

2350  2300 

2430  2440 

2485  2500  2455 


1000 

10S5 


(62) 

Top  Bottom 


1000 

1076 

1085 


(63) 

Top  Bottom 


1010 

1125 


2JJV<>0  2180 

fa 10  2235 


3210 

3290 

3440 


9860 

2685 

2910 

3240 

3310 

3450 


3S00  3S10  3810  3S20 


2220 


>135  2145 


2250 
2300 

1335  _  _  .. 

2430  2460  2410  2440  2445  2-170 

2-180  2510  2480 


2005 
3035 
31  v, 

3285 

3380 


1070 

1150 


Upper 

Burrell 

Township 

(64) 

Top  Bottom 


Lower 

Buhrell 

Township 

(65) 

Top  Bottom 


(66) 

Top  Bottom 


1020 

1030 

1140 


3190 

3205 

33S5 

3505 

3675 


3250  3275 
3355  3400 
3500  3520 


3S10 
3950 
4030  4050 


2270 

•2310 
2350 

2410  2-135  2420 

2450  2-190  2460  2500 


(67) 

Top  Bottom 


(70) 

Top  Bottom 


(71) 

Top  Bottom 


(72) 

Top  Bottom 


1780  1610  1070 


3195 
■:J  1'  i 
3410 
3600 


3300 

3460 

3610 


3120 
3200 
121  o 
3165 


3815 

3900 

3965 


2250 
2315 
;  i 

2.M0 


2876 

2720 


3250 

3310 

3500 


(73) 

Top  Bottom 


2230  2130  2155 


2315 

2510 


3920  4000  3930  4010 


3310 

3375 

3525 

3655 


2735 

3070 

3260 

31 -A  I 
3600 

3765 

3905 


2745 

3095 


2615 

2071) 


non 

1505 

3675 

3315 

4035 

4085 

4120 


4370 

4470 

1565 

4725 
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SEWAGE  DISPOSAL  AND  GARBAGE  INCINERATION 

FOR  GREENVILLE,  PA. 


By  J.  F.  LabooxI 

INTRODUCTION 

It  is  not  often  that  the  engineer  gets  an  opportunity  to  design 
a  garbage  incinerating  plant  in  conjunction  with  a  sewage  disposal 
plant  for  the  same  client,  but  such  was  the  case  at  Greenville,  Pa., 
with  the  result  that  operation  of  both  plants  will  be  possible  with 
less  public  nuisance  and  better  economy  by  the  location  of  the  plants 
contiguous  to  one  another. 

SEWAGE  DISPOSAL  PLANT 

Existing  Sewage  Disposal  Plant.  The  old  plant  consists  of 
coarse  screens,  two  Imhoff  tanks,  an  open  sludge  bed,  a  chlorinating 
tank  and  chlorinator  building.  This  plant  was  designed  by  the 
author’s  firm  in  1914  and  1915,  and  was  placed  in  operation  in 
1916.  The  author  served  on  the  original  designs  and  as  supervising 
engineer  of  construction,  operating  from  the  main  office  at  Pittsburgh. 

The  existing  Imhoff  tanks  are  of  circular,  flowing-through  type, 
each  with  double  sludge  compartments.  These  tanks  were  designed 
in  accordance  with  popular  practice  at  the  time  of  construction.  The 
detention  period  was  made  1.7  hours  at  the  rate  of  1,000,000  gal¬ 
lons  a  day,  wffiile  the  sludge  compartments  were  based  on  Allen’s 
formula,  "which  gave  approximately  one  cubic  foot  per  capita.  Phis 
value  is  considered  too  small  in  present-day  practice,  which  dictates 
that  the  sludge  capacity  in  Imhoff  tanks  treating  domestic  sewage 
shall  be  not  less  than  two  cubic  feet  per  capita.  The  sludge  bed  w  as 
built  on  the  basis  of  one  square  foot  per  capita,  but  because  the  sludge 
bed  was  located  below  average  flood  stages  of  the  river,  this  capacity 
was  not  realized  at  all  times. 

Chlorination  of  the  plant  effluent  was  carried  on  for  several 
years,  but  has  been  abandoned  during  the  last  five  years  or  more,  inas¬ 
much  as  the  state  Department  of  Health  has  not  required  it. 

*Presented  January  7,  19.10.  Received  for  publication  April  1,  19.10. 

tMember,  J.  N.  Chester  Engineers,  Pittsburgh. 
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The  operating  results  obtained  with  the  old  plant  are  remark¬ 
able,  particularly  from  the  standpoint  of  sludge  digestion.  Most 
Imhoit  tanks  are  subject  to  operating  troubles,  such  as  foaming,  and 
excessive  scum  formation,  but  the  Greenville  tanks  have  been  entirely 
free  from  foaming  and  have  not  been  overburdened  with  excessive 
scum  formation,  in  spite  of  the  fact  that  very  little  attention  was 
given  the  plant  throughout  all  of  the  years  of  its  operation.  The  con¬ 
crete  in  the  Imhoit  tanks  and  in  the  screen  chamber,  is  as  good  as 
the  day  it  was  put  in,  which  is  an  unusual  condition  for  concrete 
after  years  of  exposure  to  sewage  and  the  elements. 

The  screenings  from  the  coarse  screen  have  been  disposed  of  by 
dumping  on  the  garbage  dump  adjacent  to  the  sewage  disposal  plant, 
or  by  burying. 

Due  to  the  fact  that  roof  drains  have  been  connected  to  the 
sanitary  sewer  system  in  great  numbers  (although  prohibited  by  law) 
the  sewage  disposal  plant  has  been  subjected  to  extraordinarily  heavy 
flows  whenever  heavy  storms  occurred,  and  sometimes  it  became  so 
great  as  to  fill  the  24-inch  outfall  sewer  to  the  plant  and  cause  the 
sewage  to  leap  the  coarse  screens  and  land  directly  in  the  Imhoft 
tanks.  While  the  silt  carried  in  storm  flows  is  generally  detrimental 
to  the  successful  operation  of  an  Imhoit  tank,  this  was  not  expe¬ 
rienced  at  Greenville.  However,  the  general  consequences  created 
by  such  conditions  at  the  sewage  disposal  plant,  and  the  fact  that 
the  heavily  charged  sewers  backed  up  the  sewage  into  some  of  the 
cellars  uptown,  were  sufficient  reasons  for  adopting  relief  measures 
in  the  way  of  overflow  weirs  located  at  opportune  points. 

Design.  The  present  population  of  Greenville  is  estimated  at 
10,000,  with  2700  families  resident  within  the  borough.  The  sewer 
system  consists  of  approximately  20  miles  of  sewers  ranging  from 
eight-inch  to  24-inch,  including  the  outfall  sewer  to  the  plant.  About 
eight  miles  of  these  sewers  were  designed  by  the  author  s  firm  and 
built  at  the  same  time  as  the  old  sewage  disposal  plant.  These  sewers 
serve  approximately  2100  sewer  connections.  The  water  consumption 
at  the  present  time  is  approximately  500,000  gallons  a  day,  all  of 
which  is  metered. 

The  present  sewage  flow  averages  about  850,000  gallons  a  day. 
I  lie  improved  sewage  disposal  plant  will  have  a  capacity  of  1,500,000 
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gallons  a  day.  The  sludge  capacity  is  based  on  a  population  of  12,000. 
Complete  design  data  are  as  follows: 


Average  flow . 

Detention  period . 

Sludge  compartments . 

Sludge  bed . 

Sludge  ejector  . 

Time  of  filling  one  section 
of  sludge  bed . 


1,500,000  gallons  a  day. 

2  hours. 

2  cubic  feet  per  capita;  24,000  cubic  feet. 
4250  square  feet. 

50  gallons  a  minute. 

2  hours. 


New  I mprovements.  The  new  improvements  consist  of  a  rec¬ 
tangular  Imhoff  tank,  a  mechanically  cleaned  screen  chamber,  a  glass- 
covered  sludge  bed,  a  sludge-pumping  station,  and  two  overflow  weir 
manholes — one  located  at  the  foot  of  Race  Street  and  the  other  at  the 
sewage  disposal  plant. 

The  new  screens  are  designed  for  mechanical  cleaning,  and  are 
equipped  with  one-inch  openings.  The  screenings  will  be  drained  on 
a  screen  board  and  hauled  away  to  the  garbage  incinerating  plant 
and  incinerated  with  the  garbage.  This  screen  will  be  in  continuous 
operation  and  will  require  only  incidental  supervision.  It  is  of  the 
latest  oscillating  type,  as  manufactured  by  the  Dorr  Company. 

The  new  Imhoff  tank  has  been  designed  with  an  extraordinarily 
large  sludge  capacity  in  order  that  the  sum  of  the  sludge  capacities 
of  the  old  and  the  new  tanks  shall  be  equivalent  to  two  cubic  feet 
per  capita.  The  sludge  from  the  old  tanks  will  be  pumped  to  the 
sludge  compartment  of  the  new  tank  from  time  to  time  as  conditions 
may  require,  with  special  reference  to  optimum  digestion  of  the 
sludge.  In  this  way  it  is  hoped  to  maintain  a  balance  of  work  to  be 
done  in  sludge  digestion  in  all  tanks.  By  this  means,  lime  may  be 
applied  for  the  correction  of  the  pH  of  the  sludge  whenever  it  is 
deemed  advisable  to  do  so.  The  new  tank  is  covered  with  a  perma¬ 
nent  concrete  roof  and  equipped  for  gas  collection.  The  gas  is  piped 
to  the  garbage  incinerator  where  it  will  be  used  as  fuel  for  inciner¬ 
ating  garbage. 

A  new  sludge  bed  completely  covered  with  a  glass  inclosure  has 
been  constructed  on  high  ground  to  replace  the  existing  low-level 
sludge  bed.  The  new  sludge  bed  is  approximately  8 /*  feet  higher 
than  the  Imhoff  tanks,  thus  making  it  necessary  to  pump  the  sludge 
from  the  Imhoff  tanks  to  the  sludge  bed  for  drying.  The  area  of  the 
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new  bed  is  4250  square  feet  which  is  deemed  sufficient  for  a  popu¬ 
lation  of  12,000.  The  bed  is  divided  into  five  compartments  by 
means  of  stop  planks,  and  is  equipped  with  sludge  carriers  and  walk¬ 
ways  located  above  the  sludge  level.  The  effluent  from  the  sludge 
beds  is  returned  to  the  Imhoff  tanks  for  resettling. 

The  sludge-pumping  station  is  made  necessary  bv  the  placing 
of  the  sludge  bed  higher  than  the  Imhoff  tanks,  but  in  addition  to 
this  it  serves  as  a  most  useful  element  in  the  transfer  of  sludge  be¬ 
tween  the  Imhoft  tanks  and  for  the  mixing  of  ripe  sludge  with 
undigested  sludge  in  order  to  promote  optimum  digestion.  The  sta¬ 
tion  is  equipped  with  a  sludge  ejector  with  a  capacity  of  50  gallons 
a  minute,  complete  with  air-compressor  and  air-storage  tank.  In  the 
same  building  are  located  also  the  water  well  and  pumping  system, 
Venturi  meter  recorder  and  register,  and  switchboard  for  the  en¬ 
tire  plant. 

The  water-supply  is  obtained  from  a  well  drilled  through  the 
bottom  of  the  basement  of  the  sludge-pumping  station.  The  water 
is  furnished  to  the  various  units  of  the  sewage  disposal  plant  and  to 
the  garbage  incinerating  plant  by  means  of  an  automatic  electric 
pumping  unit  having  a  capacity  of  10  gallons  a  minute. 

The  overflow  manholes  have  been  completed  and  the  one  located 
on  Race  Street  already  has  relieved  conditions  materially  in  that 
district.  The  overflow  from  the  Race  Street  weir  reaches  the  She- 
nango  River  through  an  old  sewer  located  under  the  Bessemer  & 
Lake  Erie  Railroad  shops.  The  overflow  weir  at  the  sewage  disposal 
plant  will  take  the  remaining  excess  of  the  heavy  storm  flows  and 
by-pass  them  around  the  sewage  disposal  plant.  Inasmuch  as  the 
sewage  disposal  plant  is  located  below  the  highest  flood  level,  it  is 
necessary  to  protect  the  plant  from  flooding  by  the  construction  of 
dikes  completely  surrounding  the  plant.  This  requires  also  the  in¬ 
stallation  of  sluice-gates  to  shut  off  the  sewage  to  the  sewage  disposal 
plant  when  the  river  rises  to  a  level  higher  than  the  walls  of  the 
Imhoff  tanks.  The  entire  flow  at  such  times  will  be  diverted  to  the 
stream.  A  flap  gate  is  installed  in  a  manhole  in  the  outfall  sewer 
leading  from  the  Imhoff  tanks  to  the  river  to  keep  the  river  from 
backing  up  into  the  tanks  until  a  gate-valve  located  in  this  line  can 
be  closed. 
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A  Venturi  meter  has  been  installed  in  the  outfall  sewer  imme¬ 
diately  below  the  lmhoff  tanks.  A  constant  and  permanent  record 
will  thus  be  kept  of  the  flow  through  the  plant. 

The  existing  chlorinating  detention  tank  is  being  by-passed,  inas¬ 
much  as  chlorination  is  not  now  required.  When  not  chlorinating, 
this  tank  has  been  a  source  of  operating  nuisance,  inasmuch  as  it  serves 
to  settle  out  some  of  the  solids  which  were  not  settled  in  the  lmhoff 
tanks,  thus  fouling  the  final  effluent  by  the  putrefaction  which  took 
place  in  the  tank.  By-passing  this  unit  will  remedy  this  condition 
completely. 

Costs.  Bids  on  the  new  improvements  were  taken  July  12,  1929, 
with  the  following  results: 


*Pihl  & 

Bever  & 

J.C. 

Speaker, 

Miller, 

Pittsburgh 

Morris, 

Pitts- 

Item 

Description 

Cleveland 

burgh 

2 

Excavating  and  grading . 

..  $  7,300 

$  8,549 

$25,500 

4 

Concrete.  lmhoff  tank  . 

..  20,400 

17,058 

20,500 

5 

Concrete.  Sludge  bed  . 

2,400 

2,098 

2,500 

6 

Concrete.  Pumping  station  . 

1,300 

1,311 

1,800 

7 

Concrete.  Screen  chamber  . 

820 

874 

900 

8  A 

Cement  walks  . 

310 

250 

225 

9 

Concrete  steps  . 

250 

190 

500 

10 

Sand,  gravel  and  drains,  sludge  bed  1,500 

1,417 

2,050 

11 

Outside  piping  and  miscellaneous 

equipment . 

16,800 

16,445 

17,500 

12 

Overflow  manhole.  Race  Street . 

490 

890 

400 

13 

Screen  equipment  . 

..  2,500 

2,305 

3,500 

U 

Sludge  ejector  . 

1.400 

1,320 

1,800 

15 

Water-supply  . 

780 

644 

800 

17 

Superstructure  of  sludge-pumping 

station  . 

700 

886 

1,075 

25 

Electrical  work  . 

580 

800 

1,100 

Total  of  general  contract . 

.  $57,530 

$55,037 

$80,150 

27 

Glass  cover  for  sludge  bed: 

*Lord  &  Burnham,  Irvington,  ! 

si.  Y . 

....  $  9.491 

Pihl  &  Miller,  Pittsburgh . 

....  13,300 

J.  C.  Speaker,  Pittsburgh . 

....  12,000 

Barns  Engineering  Company, 

New  York.... 

....  12,341 

Pihl  &  Miller . 

....  $57,530 

Lord  &  Burnham . 

9,491 

Total  cost  of  improvements 


Awarded  contract. 


$67,021 
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The  above  tabulation  would  indicate  that  the  contract  was  not 
awarded  to  the  low  bidder,  but  such  was  not  the  case,  as  the  bid  price 
of  Pihl  &  Miller  on  both  the  sewage  disposal  plant  and  garbage  plant, 
including  the  unit  price  items  of  extra  earth  and  rock  excavation,  con¬ 
crete,  etc.,  was  low  by  the  amount  of  $858. 

GARBAGE  INCINERATING  PLANT 

Existing  Conditions.  For  some  years  garbage  has  been  collected 
by  a  private  individual  who  makes  a  monthly  charge  against  every 
householder.  All  of  the  garbage  is  wrapped  and  rubbish  and  tin  cans 
are  not  permitted  in  the  garbage.  This  garbage  is  hauled  to  the 
city  property  adjacent  to  the  sewage  disposal  plant  and  there  dumped 
on  the  surface.  This  has  caused  unsanitary  conditions  to  prevail  in 
this  vicinity,  and  furthermore  has  served  as  a  feeding  ground  for 
hundreds  of  rats.  The  rubbish  is  collected  by  the  city  once  a 
year  on  a  clean-up  day.  This  rubbish  is  hauled  to  low  land  and 
dumped  as  fill. 

D  esign.  The  best  available  data,  as  furnished  by  Mr.  C.  P. 
Clarke,  City  Engineer  at  Greenville,  indicate  that  the  summer  yield 
of  garbage  will  amount  to  46  tons  a  week,  as  compared  with  23  tons 
a  week  in  winter.  During  the  month  of  August  the  garbage  will 
total  64  tons  a  week.  It  may  thus  be  assumed  that  the  total  gar¬ 
bage  collected  is  approximately  1800  tons  annually,  which  gives  a 
per  capita  production  of  360  pounds  a  year.  This  figure  is  exceed¬ 
ingly  high,  but  on  the  other  hand  the  community  is  such  as  would 
tend  to  produce  large  quantities  of  garbage.  The  average  daily 
amount  of  garbage,  therefore,  is  six  tons,  which  must  be  incinerated 
in  eight  hours  of  the  day.  The  maximum  daily  quantity  is  in  the 
month  of  August,  when  a  total  of  1 1  tons  must  be  incinerated  daily. 
Under  these  conditions  it  was  concluded  that  the  incinerator  should 
have  a  capacity  of  30  tons  per  24  hours,  or  10  tons  per  eight  hours. 

Plans  and  Specifications.  No  attempt  was  made  to  design  the 
details  of  a  garbage  furnace  which  would  serve  as  a  model  for  bid¬ 
ding  purposes,  or  even  for  construction  purposes,  but  instead  the 
specifications  were  so  written  as  to  incorporate  good  modern  practice 
and  certain  individual  requirements  which  each  bidder  was  required 
to  meet.  The  plans,  therefore,  consisted  of  a  general-arrangement 
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drawing  showing  the  location  and  outline  of  the  proposed  building  in 
which  the  garbage  furnace  was  to  be  erected. 

Upon  receipt  of  bids  and  letting  of  contracts  for  the  garbage 
furnace  the  contractor  was  required  to  submit  details  of  his  fur¬ 
nace,  for  approval,  after  which  the  building  construction  details  were 
worked  out  by  the  engineers.  Then  bids  were  requested  on  the  foun¬ 
dations  and  building  for  the  garbage  plant,  these  bids  being  taken 
simultaneously  with  the  bids  on  the  sewage  disposal  plant  im¬ 
provements. 

Certain  features  of  the  specifications  are  presented  here  as  being 
of  possible  interest: 

1.  The  furnace  was  to  consume  garbage  alone  without  the  aid 
of  combustible  rubbish. 

2.  The  contractor  was  to  make  a  guarantee  as  to  the  amount 
of  coal  required  to  burn  a  ton  of  such  garbage. 

3.  The  garbage  was  defined  as  consisting  of  75  per  cent,  mois¬ 
ture,  21  per  cent,  combustible,  and  four  per  cent,  non-combustible 
material. 

4.  The  chimney  was  to  be  at  least  100  feet  high  and  five  feet 
in  internal  diameter,  completely  lined  with  fire-brick. 

5.  The  fire-brick  was  required  to  be  of  certain  composition  and 
laid  in  high-temperature  cement. 

6.  Forced  draft  with  air  preheated  to  not  less  than  200  degrees 
was  required. 

7.  The  grate  surface  and  charging  capacity  were  to  be  ample 
for  the  service. 

8.  The  combustion  chamber  was  to  have  a  capacity  of  at  least 
240  cubic  feet,  and  was  to  be  lined  with  fire-brick. 

9.  A  heat  balance  was  required  of  each  bidder  to  show  how  he 
arrived  at  his  coal  guarantee. 

10.  A  guarantee  maintenance  bond  for  a  period  of  two  years  was 
to  be  furnished  by  the  contractor. 

11.  The  temperature  in  the  furnace  was  to  be  maintained  at 
not  less  than  1250  degrees  F. 

12.  The  contractor  is  subject  to  an  actual  performance  test  to 
be  made  by  the  engineers,  when  the  garbage  fed  to  the  furnace  is 
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to  be  weighed,  analyzed,  and  balanced  as  against  the  coal  consump¬ 
tion.  Two  tests,  each  of  eight  hours  duration,  will  be  made. 

13.  The  contractor  is  not  to  be  paid  anything  until  his  work  is 
completed,  and  the  furnace  tested  and  accepted. 

These  are  but  some  of  the  provisions  of  the  specifications  and 
contract.  M  any  other  details  are  contained  in  the  specifications.  It 
was  most  interesting  to  note  and  to  experience  the  opposition  to  the 
engineers’  specifications  on  the  part  of  many  of  the  garbage  furnace 
bidders,  because  of  the  fact  that  such  bidders  are  seldom  called  upon 
to  bid  on  garbage  furnaces  which  required  the  incineration  of  gar¬ 
bage  alone  without  the  aid  of  combustible  rubbish.  Furthermore,  the 
furnace  bidders  have  been  accustomed  to  dealing  with  the  municipal 
officers  directly,  and  were  unaccustomed,  generally  speaking,  to  bid¬ 
ding  on  engineers’  specifications.  In  spite  of  all  of  the  influence 
exerted  by  some  of  the  bidders,  to  have  the  contract  awarded  to  them 
on  their  own  pet  specifications,  many  bona  fide  bids  were  received 
on  the  basis  of  the  engineers’  specifications  and  the  contract  was  thus 
awarded. 

Letting  the  Incinerator  Contracts.  Bids  were  taken  twice  on 
this  project,  the  first  bids  being  rejected  because  of  the  failure  of 
many  of  the  contractors  to  bid  wholly  within  the  specifications.  The 
specifications  were  revised  and  further  restricted  in  some  details,  so 
as  to  require  the  bidders  to  comply  with  certain  features  of  design 
and  construction  which  were  considered  of  paramount  importance. 
It  is  notable  that  the  second  set  of  bids  was,  as  a  general  rule,  some¬ 
what  lower  than  the  first  set  by  the  same  contractors,  in  spite  of  the 
greater  restrictions.  A  summary  of  the  formal  bids  received  on  the 
first  and  second  lettings  is  as  follows: 


Bidder  First  bids 

Morse-Boulger  Destructor  Company .  $19,207 

Wasteverter  Furnaces,  Inc .  18,500 

Borge-Ellison  Corporation  .  22,482 

Superior  Incinerating  Company .  17,000 

Pittsburgh-Des  Moines  Steel  Company .  15,800 

Nye  Odorless  Incinerator  Corporation .  24,700 


Second  bids 

$15,925.00 

16,267.00 

16,982.00 

17,000.00 

19,410.00 

19,683.80 


Comparisons  were  based  on  the  amount  of  coal  and  power  con¬ 
sumed  per  ton  of  specified  garbage,  the  building  volume  required  for 
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proper  housing  of  the  incinerator  bid  upon,  the  time  of  completion, 
and  the  cost  of  labor  required  to  operate  the  furnace.  The  compari¬ 
sons  were  made  on  the  basis  of  two  garbage  units. 

On  this  specified  basis  the  Wasteverter  Furnaces,  Inc.,  was  the 
low  bidder,  besides  having  offered  a  first-cliiss  furnace  with  most 
excellent  materials.  The  contract  was  awarded  to  the  \V  asteverter 
Furnaces,  Inc.,  and  the  building  was  designed  to  accommodate  the 
furnace  of  that  company.  However,  some  months  after  the  letting 
of  the  contract  and  just  prior  to  the  completion  of  the  superstructure 
for  the  garbage  incinerating  plant,  the  engineers  were  notified  that 
the  Wasteverter  Furnaces,  Inc.,  had  been  absorbed  by  the  Nye  Odor¬ 
less  Incinerator  Company  which  then  offered  its  circular  type  of 
furnace  for  acceptance  by  the  borough  and  the  engineers.  A  change 
from  one  furnace  to  another  could  prove  very  serious  in  view  of  the 
different  space  requirements,  but  in  this  case  a  few  minor  changes  in 
the  concrete  work,  particularly  in  the  foundations  for  the  garbage 
furnace,  permitted  the  installation  of  the  proposed  furnace  without 
detracting  from  the  convenience  of  operation  or  the  economical  opera¬ 
tion  of  the  furnace  itself.  After  a  detailed  study  and  inspection  of 
the  proposed  furnace  it  was  decided  to  permit  the  change  with  the 
understanding,  of  course,  that  the  furnace  contractor  was  to  pay  all 
costs  involved  by  the  change  in  the  concrete  work,  steel  columns,  etc. 

General  Details.  The  garbage  incinerating  plant  is  a  two-story 
building.  The  basement  contains  the  garbage  furnace,  forced-draft 
fan,  preheater,  coal-bin,  and  toilet-room ;  and  on  the  second  floor 
are  the  charging  opening,  the  hot-water  tank,  and  minor  accessories. 

The  new  furnace  is  circular  in  type,  10  feet  in  inside  diameter, 
and  inclosed  in  a  steel  shell.  The  furnace  is  equipped  with  but  one 
charging  hole  located  in  the  center,  thus  eliminating  two  of  the  three 
charging  holes  contemplated  in  the  original  contract.  This  simplifies 
the  charging  of  the  furnace.  This  furnace,  like  that  originally  pro¬ 
posed,  is  equipped  with  a  preheater,  dampers  in  the  main  and  by-pass 
flues,  large  combustion  chamber,  water  heater,  and  other  accessories, 
and  is  subject  to  the  same  tests  and  guarantees  under  all  conditions 
of  the  specifications  and  contract. 

The  chimney  is  located  at  the  rear  of  the  building  and  is  con¬ 
nected  to  the  combustion  chamber  of  the  garbage  furnace  by  one 
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underground  and  one  overhead  flue.  The  stoking  doors  and  ash  doors 
are  located  on  the  basement  floor.  The  ashes  are  to  be  removed  to 
the  rear  of  the  building  and  dumped  on  low  land  along  the  old  canal. 

On  the  basement  floor  are  located  also  a  gas  pump  and  governor 
for  pumping  the  sewage  gas  from  the  sewage  disposal  plant  into  the 
garbage  furnace.  The  gas  pump  consists  of  a  Root  blower  with  a 
Huntoon  governor  arranged  to  prevent  vacuum  on  the  sewage  gas  line 
to  such  an  extent  that  scum  might  be  drawn  into  the  suction  pipe. 

The  sewage  gas  will  be  generated  in  the  new  Imhoft  tank,  and 
will  be  burned  constantly  in  the  garbage  furnace,  thus  reducing  the 
amount  of  coal  necessary  for  the  incineration  of  the  garbage,  and 
keeping  the  furnace  well  heated  during  the  night. 

Test  openings  will  be  provided  in  the  combustion  chamber,  the 
charging  furnace,  and  the  flues.  A  pyrometer  and  draft-gage  will  be 
provided  for  temperature  and  draft  readings. 

The  hot-water  system  consists  of  a  heater  and  a  300-gallon 
storage  talk,  taking  heat  from  the  hot  gases  through  coils  located  in 
the  main  flue.  The  heater  is  equipped  with  an  auxiliary  coal  grate. 
The  hot  water  is  to  be  used  for  general  purposes,  such  as  washing 
the  floors  and  trucks,  and  in  the  toilet-room. 

The  preheater  is  that  of  the  Babcock  &  Wilcox  tubular  type 
located  in  a  chamber  in  the  by-pass  flue  and  outside  of  the  main  build¬ 
ing  for  convenience.  The  forced-draft  fan  is  located  close  to  the 
preheater. 

The  combustion  chamber  proper  has  a  volume  of  at  least  430 
cubic  feet,  and  is  of  the  down-draft  type.  Each  stoking  door  is 
equipped  with  a  dumping  dead  plate  to  facilitate  the  removal,  into 
the  ash-pit  below,  of  rough  incombustible  matter  which  usually 
gathers  at  the  doors. 

The  garbage  trucks  enter  the  plant  on  a  slight  grade,  passing 
over  the  coal-bin,  through  a  rolling  steel  door,  12  feet  square,  into 
the  garbage  charging  room.  The  truck  is  emptied  through  the  charg¬ 
ing  opening  directly  into  the  furnace. 

The  building  is  arranged  so  that  a  second  furnace  may  be  in¬ 
stalled  by  extending  the  side  walls  and  connecting  the  furnace  with 
the  chimney.  The  chimney  is  sufficient  to  serve  two  furnaces  each 
with  a  capacity  of  30  tons  a  day,  and  is  provided  with  openings  for 
the  flues  from  the  future  furnace. 
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Costs.  The  bids  on  the  foundations  and  superstructures  of  the 
garbage  incinerating  plant  were  as  follows: 


*Pihl  & 

Bever  & 

J.C. 

Item 

Description 

Miller 

.Morris 

Speaker 

1 

Excavating  and  grading . 

$  1,600 

$  1,795 

$  2,900 

3 

Concrete  work  . 

7,200 

8,449 

6,500 

16 

Superstructure . 

4,560 

4,602 

7,000 

24 

Electrical  work  . 

250 

400 

700 

26 

Plumbing  . 

780 

1,570 

600 

Total  . 

$14,390 

$16,816 

$17,700 

Ga  rb 

age  furnace : 

* 

Wasteverter  Furnaces,  Inc . 

16,267 

Total  cost  of  garbage  incinerating 

plant  . 

$30,657 

‘Awarded  contract. 


DISCUSSION 

J.  F.  Laboon  :  Mr.  Keller,  the  chief  draftsman  of  the  firm  at 
the  time  the  first  plans  were  made  fifteen  years  ago,  is  present.  We 
would  be  very  plad  to  hear  from  Mr.  Keller. 

W.  L.  Keller:!  That  was  about  the  last  job  I  worked  on  in 
sanitary  engineering.  I  have  forgotten  practically  all  1  knew  about 
it,  and  therefore  have  no  constructive  suggestions  to  offer.  I  would 
however  like  to  ask  a  question.  What  is  the  amount  of  fuel  required 
for  the  incinerating  plant,  and  what  is  the  heating  value  of  the  gas 
generated  in  the  Imhoff  tanks? 

J.  F.  Laboon:  The  guarantee  of  the  contract  was  227  pounds 
of  coal  per  ton  of  garbage  of  specified  character. 

We  find  that  the  Imhoff  tanks  properly  operated  will  give  an 
average  of  about  one-third  of  a  cubic  feet  of  gas  per  capita,  with  a 
B.t.u.  value  of  500  to  600.  In  this  particular  case  not  all  the  gas 
of  the  sewage  plant  will  be  collected  as  we  have  three  Imhoff  tanks 
and  we  are  collecting  gas  from  only  the  new  tank.  Over  half  the 
total  sludge  wall  be  handled  in  the  new  tank,  so  there  will  be  2000 
to  3000  cubic  feet  of  gas  a  day,  I  should  judge. 


tKoppers  Co.,  Pittsburgh. 
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P.  J.  Freeman  :*  Suppose  they  change  the  system  of  collecting 
garbage  and  begin  to  include  all  the  rubbish,  will  you  need  to  use 
coal  then  ?  • 

J.  F.  Laboox  :  Not  necesarily.  With  a  combined  system  of 
collecting  garbage  and  permitting  the  stores  to  haul  material  to  the 
garbage  incinerator,  it  would  not  require  fuel.  They  can  even  save 
the  boxes  for  the  starting  of  the  furnace  and  save  what  little  coal 
they  might  need  in  that  case.  We  hope  such  will  be  the  case  but  we 
could  not  make  the  garbage  bidders  believe  it  because  they  had 
been  used  to  the  old  system  of  combined  garbage  and  rubbish  col¬ 
lection. 


P.  J.  Freeman:  What  is  the  method  of  dumping  the  cans? 

J.  F.  Laboon  :  They  dump  them  with  ashes  wherever  they  can. 
The  ashes  and  cinders  are  dumped  in  the  alleys.  They  tell  me  the 
tin  cans  which  are  collected  make  excellent  binder  material  for  alley 
surfaces.  In  some  places  they  make  a  specialty  of  rolling  these  cans 
right  into  the  dirt  streets.  In  Greenville  they  dump  them  with  the 
rubbish  wherever  they  can. 

P.  J.  Freeman  :  Does  the  individual  pay  for  removing  the 
garbage  ? 

J.  F.  Laboon  :  Yes.  Every  householder  has  to  have  the  gar¬ 
bage  taken  away  and  this  man  has  a  monopoly. 

L.  P.  Blum  :+  Is  that  a  fair  figure  for  the  cost  and  conditions 
of  such  incineration? 

J.  F.  Laboon  :  That  would  be  a  fairly  good  average  for  this 
sort  of  design.  It  is  a  very  substantial  design  and  a  safe  one.  There 
are  no  unusual  conditions  about  it.  It  includes  the  whole  garbage 
plant  complete,  roadways,  furnaces,  and  everything  ready  to  operate. 

*Chief  Engineer,  Bureau  of  Tests  and  Specifications,  Allegheny  County,  Pittsburgh. 

tBlum,  Weldin  &  Co.,  Pittsburgh. 


1930  ]  DISCUSSION — SEWAGE  DISPOSAL  FOR  GREENVILLE.  PA.  151 

P.  S.  Wickerham:*  I  was  very  much  interested  in  the  de¬ 
scription  of  the  disposal  plant.  One  statement  I  can  check  thoroughly 
and  that  is  that  the  sludge  from  the  old  plant  was  of  exceptionally 
good  character.  Greenville  furnished  the  seeding  for  the  Sharon 
plant  and  my  recollection  is  that  digestion  started  without  delay. 

I  was  interested  in  one  feature  of  the  design.  In  the  Imhoff 
tanks  you  have  eliminated  the  old  hoppers  and  cross  walls. 

J.  F.  Laboon:  We  have  a  single  hopper  with  sloping  sides  that 
permit  the  sludge  to  travel  unobstructedly  to  either  end  of  the  tank, 
thus  getting  optimum  results. 

P.  S.  Wickerham:  I  am  glad  to  see  that  coming  into  general 
practice.  Our  designs  incorporated  that  method  some  three  years 
ago  by  way  of  eliminating  individual  hoppers.  It  gives  a  very  much 
better  facility  for  the  interchange  of  sludge.  It  also  gives  a  greater 
effective  sludge  capacity  because  you  have  introduced  additional  wi  th- 
drawal  pipes  wherever  these  hoppers  happen  to  have  been  and  get 
more  space  for  active  operation,  together  with  simplified  construction. 

I  should  also  like  to  ask  whether  your  gas  collectors  are  of  the 
sliding  type,  or  fixed. 

J.  F.  Laboon  :  They  are  fixed  in  this  instance.  We  do  not  want 
the  trouble  New  Castle  had  where  the  gas  shot  the  domes  off. 


C.  A.  Keelan  :t  Is  there  anything  that  could  be  done  in  regard 
to  legislation  which  would  overcome  the  existing  condition  of  sewage 
backing  up  into  some  cellars  after  a  heavy  rainfall  ?  This  backing 
up  results  in  a  very  bad  condition,  as  I  know  of  an  actual  case  in 
which  the  sewage  backs  up  to  a  depth  of  approximately  two  inches 
over  the  entire  cellar  every  hard  rain  storm.  Something  should  be 
done  to  remedy  this  situation. 

J.  F.  Laboon:  No.  We  have  legislation  to  prohibit  it,  but  we 
do  not  enforce  it.  Officials  of  the  state  Department  of  Health  pre- 


*Consulting  Civil  Engineer,  Butler,  Pa. 
tSalesman,  A.  Willis  Dalzell  Co..  Pittsburgh. 
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sumably  have  taken  the  position  that  they  can  not  enforce  it  and, 
therefore,  they  permitted  us  to  put  in  relief  sewers. 

C.  N.  Haggart:*  You  have  a  stack  lined  the  full  height.  Is 
that  not  an  unnecessary  expense? 


J.  F.  Laboon:  In  one  case  (I  will  not  mention  the  particular 
job)  we  found  that  a  crack  in  the  chimney  occurred  just  where  the 
fire-brick  stopped.  You  might  say  we  did  not  extend  the  fire-brick 
high  enough  in  that  case,  but  we  had  it  over  half  of  the  chimney. 
With  the  Greenville  chimney  100  feet  high,  costing  less  than  $4000, 
fire-brick  inside  of  it  for  the  additional  height  to  the  top  would  cost 
only  a  few  hundred  dollars  more.  The  temperature  strains  at  the 
point  where  the  fire-brick  leaves  off  are  rather  marked ;  and  they  are 
liable  to  crack  a  chimney  at  that  very  point.  The  additional  cost  did 
not  warrant  taking  the  chance. 


C.  N.  Haggart:  In  designing  a  heating  plant  where  we  used 
a  150-foot  concrete  chimney,  we  provided  for  a  lining  for  30  feet. 
I  have  not  examined  the  chimney  since  its  erection,  but  I  have  never 
heard  any  complaint  of  the  concrete  disintegrating. 


J.  F.  Laboon  :  The  difference  might  be  accounted  for  in  this 
way.  The  ordinary  boiler  chimney,  serving  a  boiler  or  a  group  of 
boilers,  is  designed  for  temperatures  of  400  to  500  degrees.  If  you 
have  any  more  heat  leaving  the  boiler  you  are  wasting  fuel.  In  a 
garbage  furnace  you  have  a  working  temperature  of  1200  to  1400 
degrees  and  you  have  to  get  rid  of  it.  You  have  probably  1000  de¬ 
grees  in  the  stack  as  compared  with  500  in  the  boiler  chimney.  In 
the  garbage  plant,  chimney  temperatures  are  much  higher  than  those 
of  steam-boilers. 

C.  N.  Haggart  :  I  want  to  remark  about  the  concrete  in  the 
Imhoft  tanks.  I  think  that  it  is  remarkable  that  the  concrete  is  in 
such  good  condition. 


^Consulting  Structural  Engineer,  Pittsburgh. 
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J.  F.  Laboon  :  I  was  very  much  startled  to  see  it  in  that  con¬ 
dition  myself.  I  can  only  tell  you  that  we  had  a  good  resident  engi¬ 
neer  on  the  job;  but  the  contractor  lost  money,  we  know  that. 

P.  J.  Freeman:  Did  you  use  slag  or  stone  in  these  beds? 

J.  F.  Laboon:  Neither,  as  no  filler  was  required. 

V.  R.  Covell:*  I  have  been  very  much  interested  in  the  paper, 
hut  my  experience  has  been  too  limited  to  enable  me  to  contribute 
anything  constructive  to  the  discussion.  I  chose  sewage  disposal  for 
my  thesis  at  the  university,  but  it  was  15  years  before  1  became 
directly  interested  in  the  design  of  a  plant. 

In  compliance  with  a  demand  that  the  sewage  from  the  Alle¬ 
gheny  County  Home  at  Woodville  be  purified  before  it  was  dis¬ 
charged  into  Chartiers  Creek.  I  designed  a  disposal  plant,  which  was 
approved  but  subsequently  it  was  agreed  that  the  construction  be 
postponed  and  consequently  the  plant  was  not  built.  I  was  impressed 
at  the  time  with  the  fact  that  so  many  new  terms  and  processes  had 
been  adopted  that  little,  which  was  current  practice  15  years  before, 
could  be  used.  During  the  nearly  twenty  years  which  have  since 
elapsed,  the  changes  have  been  fully  as  great,  and  l  can  not  now 
qualify  as  a  sewage  disposal  engineer.  It  seems  that  as  great  progress 
has  been  made  in  this  branch  of  engineering  as  any  other  in  this  third 
of  a  century. 

*Clnef  Engineer,  Bureau  of  Bridges  of  the  Department  of  Public  Works,  Allegheny 
County,  Pittsburgh. 


HAND  LOADING  WITH  THE  BLOCK  SYSTEM 
IN  CONCENTRATED  MINING* 

By  M.  D.  CoopERt 

To  discuss  hand  loading  at  this  time  seems  somewhat  out  of 
place  when  attention  is  quite  generally  turned  away  from  that  class 
of  work  and  directed  strongly  toward  mechanical  loading.  How¬ 
ever,  for  the  reason  that  this  discussion,  as  a  whole,  is  planned  to  in¬ 
clude  a  broad  survey  of  mining  conditions,  hand  loading  may  be  consid¬ 
ered  as  an  essential  part,  in  spite  of  its  decreasing  importance.  A  recent 
report  of  the  United  States  Bureau  of  Mines  shows  that  the  hand 
pick  is  not  yet  obsolete,  as  14.2  per  cent,  of  all  bituminous  coal  pro¬ 
duced  in  the  United  States  in  1928  was  mined  by  hand.  In  Mary¬ 
land,  71  per  cent,  of  the  coal  is  hand  mined;  in  Pennsylvania,  28.7 
per  cent.;  and  in  West  Virginia,  13  per  cent.  Moreover,  hand  load¬ 
ing  still  plays  an  important  part  even  when  the  coal  is  cut  by  machine, 
cutting  having  progressed  steadily  from  half  of  all  coal  mined  in  the 
United  States  in  1913  to  three-quarters  in  1928.  In  any  case,  hand 
mining  has  the  same  priority  as  all  other  hand  methods  in  industry; 
it  has  served  as  the  model  from  which  other  methods  have  grown, 
and  illustrates  the  truth  of  the  Latin  proverb,  Facile  est  inventis 
adder e — it  is  easy  to  add  to  what  is  already  invented. 

In  spite  of  all  its  shortcomings,  hand  loading  still  has  one  ad¬ 
vantage  over  machine  loading;  that  is,  in  the  matter  of  clean  coal. 
With  proper  discipline,  it  is  possible  to  have  the  miners  clean  the 
coal  as  it  is  loaded  by  hand.  Loading  machines  may  be  highly  efficient 
mechanically;  but,  so  far,  they  have  not  been  developed  to  such  an 
extent  that  they  will  take  out  impurities.  In  fact,  it  seems  probable 
that  machines  that  are  set  at  work  to  load  large  tonnages  will  require 
adequate  cleaning  plants  on  the  outside,  the  cost  of  which  may  offset 
the  economies  gained  by  larger  output. 

Hand  mining  is  generally  limited  to  such  tools  as  the  shovel, 
pick,  bar,  wedge,  drill,  and  explosives.  Even  in  modern  mechanical 
methods  the  same  tools  are  employed,  but  not  to  the  same  extent. 

The  block  system  is  the  outgrowth  of  the  “panel”  and  “room- 
and-pillar”  systems;  in  fact,  it  may  be  considered  as  one  form  of  the 

^Presented  November  26,  1929.  Received  for  publication  February  25,  1950. 

t Division  General  Superintendent,  Hillman  Coal  &  Coke  Co.,  Pittsburgh. 
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panel  system  in  which  the  rooms  are  so  developed  that  the  coal  area 
is  separated  into  rectangles,  or  more  desirably,  into  squares.  The  ideal 
block  system  is  probably  the  one  in  which  entries  and  rooms  are 
driven  100  feet  from  center  to  center,  although  successful  operations 
have  been  carried  on  with  both  longer  and  shorter  distances.  In  gen¬ 
eral,  entries  and  rooms  are  driven  from  10  to  12  feet  in  width. 

The  essential  requirements  of  the  system,  in  addition  to  division 
of  the  held  into  rectangular  blocks,  are  engineers’  sights  for  all 
places  to  be  driven,  full  retreat  operation,  and  regularity  of  pro¬ 
cedure  in  drawing  ribs.  It  is  evident  that  blocks  of  regular  size  can 
be  developed  only  with  constant  sighting,  and  regularity  is  a  neces¬ 
sary  part  of  the  system.  As  in  most  practical  methods  of  mining,  full 
retreat  is  essential.  Entries  are  driven  to  the  end  line  of  the  panel 
to  be  mined  or  the  boundary  of  the  property,  as  the  case  may  be,  and 
at  the  end,  rooms  are  driven  at  right  angles  and  only  from  one  side 
of  the  butt  entries.  These  rooms  are  driven  in  regular  order,  the 
most  inbv  being  started  first,  the  next  room  outby  after  the  first  has 
advanced  a  predetermined  distance,  and  so  on.  Timing  is  so  arranged 
that  the  advancement  of  the  rooms  and  break  throughs  is  main¬ 
tained  at  a  regular  schedule.  Then  when  the  retreat  work  begins 
each  block  is  marked  for  extraction  in  such  order  that  the  fracture 
line  may  be  almost  straight  and  may  move  parallel  to  a  predeter¬ 
mined  direction.  In  that  manner  the  weight  of  overlying  strata  is 
evenly  distributed  over  the  blocks  along  the  fracture  line,  thereby 
avoiding  excessive  weight  on  any  one  block,  with  its  consequent  dif¬ 
ficulties  such  as  crushing  of  coal  and  heaving  of  bottom. 

From  75  to  80  per  cent,  of  the  coal  is  mined  on  retreat;  and, 
therefore,  relatively  slow  development  caused  by  wide  centers  is  out¬ 
weighed  by  concentrated  retreat  under  favorable  conditions.  Because 
several  men  may  be  worked  on  the  block  that  is  to  be  removed,  the 
output  is  larger,  and  supervision  may  be  greatly  increased. 

In  following  the  leadership  of  the  H.  C.  Frick  Coke  Company, 
the  system  was  brought  into  use  in  the  Connellsville  coke  region, 
where  it  continued  as  the  principal  method,  but  is  now  being  replaced 
by  other  methods  to  be  described  later.  In  1910,  discussion  in  the 
Brownsville  Mining  Institute  led  to  the  introduction  of  the  block 
system  of  concentrated  mining  at  Bridgeport  mine,  then  under  the 
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supervision  of  W.  C.  Hood.  P.  J.  Mullin,  inspector  of  the  H.  k. 
Frick  Coke  Company,  and  W.  H.  Howarth,  inspector  of  the  Six¬ 
teenth  Bituminous  District  of  Pennsylvania,  aided  the  introduction 
of  the  system.  Soon  it  spread  to  other  mines  of  the  Company,  and 
then  to  the  mines  operated  by  other  companies. 

On  account  of  the  narrow  width  of  entries  and  rooms,  roof  sup¬ 
port  is  generally  good.  Moreover,  the  usual  practice  is  to  leave  several 
inches  of  coal  on  the  roof  to  avoid  the  slaking  effect  of  moisture 
carried  in  the  air  on  the  slate  or  rock  above.  Regularity  of  size  of 
blocks  permits  an  even  distribution  of  weight  of  cover.  1  he  result 
is  that  safety  is  promoted  both  in  the  driving  of  the  places  and  in 
extraction  of  the  blocks  during  retreat.  Especially  is  it  advantageous 
in  retreat  work  to  have  solid  support  of  large  rectangular  blocks 
rather  than  small  uneven  ribs.  In  this  connection,  attention  may  be 
called  to  the  advantages  that  are  readily  apparent  in  the  development 
stages  of  a  mine  when  diagonal  entries  seem  to  offer  opportunities 
for  shortening  haulage  routes.  However,  they  cause  the  formation 
of  irregular  blocks  of  coal  that  contrast  sharply  with  those  developed 
in  the  block  system,  and  the  irregular  blocks  are  generally  extracted 
years  later  with  difficulty  and  danger. 

Ventilation  of  working  places  in  the  concentrated  system  of  min¬ 
ing  may  be  made  very  satisfactory.  Since  no  places  are  turned  before 
they  are  required,  there  are  no  standing  places  to  fall  in  and  accumu¬ 
late  gas.  The  air  current  may  be  conducted  along  the  edge  of  the 
gob  area  and  directly  to  the  return  air  course. 

It  must  be  admitted  that  the  block  system  has  some  disadvan¬ 
tages.  In  opening  a  mine,  on  account  of  the  great  distance  between 
centers  that  is  a  necessary  part  of  the  system,  rooms  can  not  be  turned 
as  rapidly  as  in  the  usual  room-and-pillar  system.  Where  blocks  are 
large  and  centers  well  over  100  feet  apart,  the  working  faces  may  go 
too  far  ahead  of  the  air  by  the  time  an  entry  is  driven  the  length  of 
a  block  and  a  break  through  cut  across  from  one  heading  or  room 
to  the  other.  As  a  source  of  lump  coal,  the  system  is  not  as  satisfac¬ 
tory  as  some  others,  on  account  of  the  fact  that  all  places,  rooms,  and 
entries,  are  driven  narrow.  However,  in  the  Connellsville  coke 
legion,  where  the  system  has  been  most  used,  the  size  of  the  coal  was 
not  important  as  large  lumps  are  not  desirable  in  charging  coke-ovens. 
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Costs  of  labor  and  material  are  expected  to  be  somewhat  higher 
in  development  work  on  account  of  the  smaller  number  of  working 
places  made  available  per  acre.  On  retreat,  however,  costs  should 
generally  be  less  under  normal  conditions.  On  account  of  the  strength 
of  large  pillars,  costs  of  retimbering  and  grading  should  be  kept  at 
a  minimum.  One  feature  of  hand  loading  by  the  block  system,  that 
is  favorable  to  the  cost  of  mining,  is  the  fact  that  the  loader  is  re¬ 
quired  to  clean  up  the  cut  each  day,  cutting  being  done  at  night.  As 
a  result  of  this  practice,  miners  are  loading  from  12  to  20  tons  a  day, 
according  to  the  width  of  the  places  and  the  thickness  of  coal. 

Accidents  are  not  directly  caused  by  this  system ;  that  is,  the 
records  show  that  the  usual  averages  of  accidents  from  cars  and 
locomotives,  falls  of  roof,  handling  of  explosives,  etc.,  apply  to  the 
system  and  that  there  are  few,  if  any,  that  can  be  charged  to  the 
system  itself. 

This  system  of  mining  has  produced  a  high  recovery  per  acre. 
Properly  carried  out,  it  eliminates  the  danger  of  squeezes.  It  gives 
the  miner  the  opportunity  to  load  a  large  daily  tonnage,  as  nearly  all 
of  the  coal  may  be  undercut,  and  only  a  small  percentage  is  pick  mined. 

It  is  likely  that  hand  loading  will  gradually  disappear  as  loading 
machines  become  more  highly  developed  and  generally  used.  How¬ 
ever,  for  years  hand  mining  will  continue  in  those  mines  well  devel¬ 
oped  at  this  time  and  therefore  not  easily  converted  to  systems  of 
mechanical  loading;  in  such  mines  the  advantages  of  the  block  system 
may  be  applied,  at  least  in  part. 


CONCENTRATION  IN  MINING  ABROAD* 

By  Howard  N.  Eavensont+ 

\  our  Chairman  has  asked  me  to  talk  to  you  to-day  about  what  is 
being  done  in  concentration  in  mining  abroad.  The  only  foreign 
mines  with  which  I  am  personally  familiar  are  those  in  Germany,  and 
to  some  slight  extent  some  of  the  English  mines,  and  I  will  confine 
my  remarks  to-day  mainly  to  the  German  mines  and  especially  to  those 
in  the  Ruhr  district. 

Concentration  in  mining  in  its  broad  sense  refers,  of  course,  not 
only  to  concentration  inside  but  to  concentration  of  plants  and  of  sur¬ 
face  equipment.  The  mining  conditions  abroad  are  so  very  different 
from  those  in  most  of  the  bituminous  mines  in  this  country  that  it  is 
quite  difficult  to  make  a  fair  comparison. 

Practically  all  of  the  German  mines,  excepting  those  in  Silesia, 
are  working  seams  that  are  very  highly  inclined,  the  pitch  ranging 
from  15  to  70  degrees,  and,  of  course,  methods  that  are  suitable  to 
our  flat  seams  would  not  work  so  well  under  these  conditions.  The 
illustrations  show  methods  of  working  in  the  Ruhr  much  better  than 
they  can  be  described.  Fig.  1  and  2  are  from  R.  A.  S.  Redmayne’s 
“Modern  Practice  in  Mining,”  v.  3,  1914,  p.  29.  Fig.  3  is  from  Col¬ 
liery  Guardian,  June  22,  1928,  p.  2443.  Fig.  1  shows  a  section  of  the 
Gelsenkirchen  colliery,  in  which  the  seams  are  pitching  at  an  angle  of 
about  45  degrees.  The  main  shaft  is  sunk  through  the  various  seams, 
and  at  intervals  of  about  100  to  150  meters  each,  depending  some¬ 
what  upon  the  pitch  of  the  seam  and  upon  the  company,  main  levels 
are  run  from  the  shafts.  These  are  haulage  roads  that  are  driven 
through  the  rock  and  across  the  various  seams,  and  permanently  pro¬ 
tected.  At  various  places  along  these  main  drifts  auxiliary  shafts  are 
sunk  to  depths  of  from  30  to  45  meters,  depending  upon  the  slope  of 
the  seam,  and  from  these  small  shafts,  gangways  or  haulage  headings 
are  driven  along  the  seam.  These  haulage  headings  are  spaced  so  that 
the  distance  between  them  on  the  seam  is  approximately  100  to  120 
meters,  or  from  328  to  400  feet,  and  headings  are  driven  partly  in 
coal  and  partly  in  rock,  large  enough  to  give  clearance  for  the 
mine-cars. 

‘Presented  November  26,  1929.  Received  for  publication  March  17,  1930. 

jHoward  N.  Eavenson  &  Associates,  Pittsburgh. 
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After  a  barrier  pillar  is  left  at  the  shaft,  a  heading  is  driven 
straight  up  the  pitch  to  the  haulage-wav  above,  and  from  this  the 
long  face  or  long-wall  working  is  driven  parallel  to  the  strike,  taking 
out  all  of  the  coal  between  the  two  headings,  the  heading  itself  being 
protected  by  cribwork  and  by  heavy  timbering,  and  sometimes  by 
pack  walls.  This  arrangement  is  shown  in  Fig.  2. 
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Where  the  pitch  is  no  greater  than  30  degrees,  conveyors  are  used 
to  transport  the  coal  from  the  face  to  the  loading  point,  most  of  these 
being  of  the  reciprocating  type,  although  other  types  are  also  used. 
The  coal  is  taken  from  the  face  by  the  hewer,  who  is  the  skilled  man, 
and  who  uses  a  small  compressed-air  pick  somewhat  like  a  jack¬ 
hammer  drill.  In  all  of  the  gas  coal  seams  in  Germany  shooting  is 
forbidden  in  the  coal  itself,  and  all  of  the  coal  is  recovered  in  this 
way.  The  shovelers  load  the  coal  into  the  conveyor,  and  it  is  drawn 
off  into  the  mine-cars — which  are  usually  of  about  1500  to  1600 
pounds  capacity — along  the  heading,  and  these  are  transported  by 
hand  or  motor  to  the  auxiliary  shafts,  hoisted  or  dropped  from  them 
to  the  next  level,  and  then  taken  to  the  main  shaft,  where  they  are 
hoisted  to  the  tipple. 

Where  the  pitch  of  the  seams  is  greater  than  30  degrees,  the  coal 
slides  in  chutes  or  on  steel  plates,  and  where  the  pitch  is  steep  enough 
it  is  allowed  to  run  on  the  floor.  In  some  places  1  saw  they  used  small 
auxiliary  hoists,  on  the  platform  of  which  the  hewer  can  stand  in 
order  to  work  along  the  coal  face,  and  in  some  places  batteries  were 
built  so  that  two  or  three  hewers  could  work  along  one  face,  allowing 
the  coal  to  slide  along  the  bottom  so  that  it  could  not  interfere  with 
the  men  working  below.  In  this  case,  of  course,  the  face  is  broken 
rather  than  kept  in  one  long  straight  line.  This  method  of  working  is 
universal  throughout  the  Ruhr  district,  and  it  is  difficult  to  see  how  it 
could  be  much  more  concentrated  than  it  is. 

Advance  of  the  face  is  not  as  rapid  as  it  would  be  under  our 
conditions,  because  the  mining  laws  in  Germany  require  the  back¬ 
filling  of  all  working  places  as  the  coal  is  mined  out,  and  the  main 
problem  that  they  have  is  to  carry  the  backfilling  along  as  rapidly  as 
the  face  advances.  In  fact,  I  was  told  by  the  management  of  every 
mine  that  I  visited  that  their  problem  was  not  to  get  out  the  coal,  but 
to  keep  the  stowing  near  enough  to  it  to  comply  with  the  requirements 
of  the  law. 

The  timbering  in  all  of  these  places  is  very  systematic,  and  the 
timbers  are  set  very  close  together,  although  they  are  much  smaller 
than  we  are  accustomed  to  use.  Along  these  timbers  a  line  of 
chicken  wire  of  about  one-inch  mesh  is  placed  about  six  or  eight  feet 
from  the  face,  and  the  filling  material  is  placed  between  the  last  sec¬ 
tion  and  this  wire.  In  the  flatter  seams  the  filling  is  put  in  by  hand 
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or  by  conveyors  or  machines,  but  in  the  steeper  seams  it  is  placed  from 
cars  from  the  haulage  heading  above,  this  arrangement  being  shown 
in  Fig.  3.  The  material  used  is  rock  from  the  mines,  or  ashes,  or 


Heading  and  Drifting  Methods,  Advancing  along  Line  of  Strike. 
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refuse  that  was  originally  taken  from  the  mines  and  \va>ted  outside; 
and  it  requires  a  very  great  deal  of  work  to  handle  all  of  this  material 
and  to  keep  it  placed  properly.  The  nearest  estimate  I  could  get  on 
this  was  that  it  took  perhaps  25  per  cent,  of  all  the  labor  in  mining 
to  do  this  stowing.  It  is  not  difficult  to  see  that  the  advance  or  produc¬ 
tion  of  coal  could  be  very  much  expedited  if  it  were  not  for  the  neces¬ 
sity  of  stowing  behind,  as  I  believe  in  most  places  the  control  of  the 
roof  would  be  sufficient  to  enable  the  workings  to  move  rapidly  with¬ 
out  serious  trouble. 

Since  1923,  when  the  mark  was  stabilized  and  Germany  began 
to  “come  back,”  the  progress  in  concentration  of  plants  and  in  mechan¬ 
ization  of  mines  has  been  very  marked.  The  use  of  machinery  of  all 
kinds  is  increasing  rapidly,  although,  of  course,  we  must  keep  in  mind 
in  comparing  their  work  with  ours  that  labor  in  Germany  is  very 
much  cheaper  than  it  is  with  us,  and  this  of  course  reduces  the  amount 
of  machinery  they  could  otherwise  economically  use.  An  example  of 
what  has  been  done  inside  the  mines  is  given  in  the  following  figures, 
which  were  taken  from  an  article  published  in  Gliickauf .*  They  show 
what  was  done  at  a  representative  pit  between  January  1926  and 
August  1927. 


January,  1926 

Length  of  long-wall  and  stall-working 


faces .  5,500  feet 

Length  of  conveyor  faces .  5,690  feet 

Total  length  of  working  faces .  11,190  feet 

Number  of  conveyors .  25 

Monthly  output  from  conveyors .  28,149  tons 

Amount  conveyed  by  conveyors .  38  per  cent. 

Amount  conveyed  per  meter  of  con¬ 
veyor  face  .  0.66  tons  an  hour 

Average  amount  conveyed  per  conveyor  47  tons  a  day 


August,  1927 

400  feet 
8,170  feet 
8,570  feet 
29 

63,173  tons 

73  per  cent. 

0.92  tons  an  hour 
81  tons  a  day 


"1  his  statement,  I  think,  is  typical  of  the  progress  that  is  being 
made  in  all  mines,  as  practically  all  of  those  that  are  now  running 
have  undergone  a  similar  change  within  the  last  five  or  six  years. 

The  output  per  shift  at  the  mines  that  1  saw  was  from  80  to  100 
tons  per  place.  As  stated  above,  this  was  limited  by  the  time  required 
for  backfilling. 

In  the  group  of  mines  that  l  inspected,  in  1924  the  hewers  and 
loaders  produced  1.76  net  tons  per  man  per  shift.  In  1928  thev  were 


^\  .  64,  p.  696;  abstract  Collie iv  Guardian,  v.  137,  p.  142. 
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producing  2.37  net  tons  per  man  per  shift,  which  was  considerably 
better  than  the  average  of  the  Ruhr  district.  This  was  for  the  actual 
workers  at  the  face.  For  all  underground  workmen  the  tonnage 
increased  in  the  same  time  from  1.14  to  1.59  net  tons  per  man  per 
shift,  and  for  all  workers  of  all  places  from  0.89  net  tons  in  1924  to 
1.29  net  tons  in  June  1928.  One  of  the  shafts  in  this  group  held  the 
record  in  the  Ruhr  for  production  per  man  per  shift  of  1.56  net  tons, 
which  includes  all  labor  both  above  and  below  ground.  These  figures 
compare  with  English  figures  of  about  one  ton  per  man  per  shift.  In 
a  recent  book  entitled  “The  Recovery  of  Germany”  by  Professor 
James  W.  Angell  (published  for  the  Council  on  Foreign  Relations, 
by  Yale  University  Press,  1929),  the  statement  is  made  that  from 
four  to  five  times  as  much  machinery  is  now  being  used  in  the  mines 
in  the  Ruhr  as  was  used  in  1913,  and  in  1927  over  85  per  cent,  of  all 
coal  being  produced  in  the  Ruhr  was  produced  by  machinery. 

In  addition  to  the  concentration  and  mechanization  of  the  under¬ 
ground  workings  in  the  German  mines,  there  has  been  a  process  of 
what  is  called  there  “rationalization”  of  mines  during  the  period  since 
the  stabilization  of  the  mark.  This  so-called  rationalization  is  really  a 
system  of  rebuilding  or  concentration  of  the  mines,  so  that  a  large 
number  of  plants  is  being  concentrated  into  a  smaller  number,  the 
number  of  tipples  is  being  reduced  and  the  output  per  tipple  increased. 
The  coke  plants  are  being  rebuilt  along  more  modern  lines,  new 
washers  being  installed,  and  in  general  there  is  a  complete  rebuilding 
of  the  plants  along  more  economical  lines.  Our  old  friend,  Mr.  E.  N. 
Zern,  in  Coal  Age  ten  years  ago  made  the  statement  that  “while 
machinery  has  utility,  it  produces  revenue  only  while  it  is  at  work,” 
and  this  fact  is  not  appreciated  in  our  coal  mines  in  this  country  nearly 
as  much  as  it  is  abroad.  For  instance,  it  is  a  very  unusual  thing  in 
the  United  States  to  find  a  bituminous  mine  working  two  shifts,  and 
when  the  statement  is  ordinarily  made  that  a  mine  is  double  shifting 
it  means  only  that  a  certain  percentage  of  the  headings  is  being  driven 
and  some  coal  is  being  hauled,  but  that  none  of  the  rest  of  the  plant 
is  working.  In  Europe  practically  all  of  the  mines  work  two  complete 
shifts  a  day,  so  that  the  machinery  is  working  at  least  two-thirds  of  the 
time  instead  of  only  one-third  as  it  is  here.  The  gains  made  by  this  are 
very  substantial,  particularly  when  the  amount  of  equipment  installed 
per  ton  of  capacity  is  so  great. 
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In  the  group  of  mines  that  I  inspected,  the  properties  had  orig¬ 
inally  been  developed  by  22  plants.  By  various  consolidations  these 
had  been  reduced  to  15  operating  plants  last  year,  and  by  the  end  of 
this  year  this  number  will  be  further  reduced  to  10  plants,  which  will 
have  the  same  capacity  as  the  original  22  and  the  same  participation 
in  the  sales  syndicate.  That  this  movement  is  not  confined  to  any  one 
company  is  shown  by  a  report  of  the  German  organization  which  cor¬ 
responds  to  our  United  States  Steel  Corporation,  for  the  year  1928,  in 
which  it  is  stated  that  in  coal-mining  the  number  of  shafts  in  operation 
has  been  reduced  from  48  to  34,  and  the  production  maintained  at  the 
same  level.  Since  the  formation  of  this  company,  about  four  years 
ago,  more  than  80,000,000  marks,  or  $20,000,000,  has  been  expended 
on  coal  washing,  coke-ovens  and  by-product  recovery  plants,  and  other 
large  amounts  on  the  concentration  of  the  various  shafts.  Dr.  Angell 
says  in  the  book  previously  mentioned  that  the  total  number  of  mines 
in  Germany  has  been  reduced  from  384  in  1923  to  303  in  1927,  which 
is  only  slightly  more  than  the  number  in  operation  in  1913  and  a 
decrease  of  21  per  cent,  since  1923,  while  during  that  time  the  output 
has  been  steadily  increasing. 

In  England  the  same  process  of  concentration  is  going  on,  but 
not  to  such  a  great  extent  as  in  Germany,  this  being  partly  due  to  the 
greater  conservatism  of  the  English  operators,  and  partly  due  to  the 
great  amount  of  trouble  they  have  had  with  labor  since  the  World 
War.  The  report  of  the  Royal  Commission  on  the  Coal  Industry  in 
1925  makes  the  following  statement  about  utilizing  the  mine  equip¬ 
ment  to  the  greatest  possible  extent : 

“It  appears  to  us  reasonable  that  no  obstruction  should  be  placed  in  the 
way  of  the  fullest  possible  use  of  the  mine  by  the  employment  of  double  shifts 
of  men.  In  general,  the  economics  made  possible  by  it  are  very  substantial. 
A  larger  quantity  of  coal  is  obtained  on  a  given  day  from  each  face  and 
along  each  road.  The  quicker  advance  of  the  face  generally  makes  for  better 
roof  conditions  and  so  for  safety,  as  well  as  allowing  a  saving  in  timber.” 

In  the  most  modern  English  plants,  however,  hoisting  is  now 
being  done  in  two  shifts  and  the  output  per  mine  is  being  increased 
very  largely,  and  last  summer  I  visited  a  mine  where  the  output  had 
been  increased  to  6000  tons  a  day,  this  being  obtained  from  two  shafts 
working  two  shifts  each  ;  and  very  great  changes  are  being  made  in 
the  English  plants  on  account  of  the  necessity  of  better  preparation. 
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In  1927,  however,  there  were  in  use  in  England  1787  conveyors  of 
various  types,  while  in  the  Ruhr  district  alone  in  mines  producing 
about  60  per  cent,  of  the  German  output  there  were  7660,  which 
shows  that  the  mechanization  process  in  England  has  not  reached  the 
extent  that  it  has  in  Germany. 


DISCUSSION 

J.  R.  Campbell:*  It  might  be  of  interest  to  point  out  the 
character  of  the  coal  in  pick  mining  in  the  Ruhr,  as  compared  with 
the  American  coals.  You  spoke  of  gas  coal  and  coking  coal,  high- 
volatile  and  low-volatile  coals. 

H.  N.  Eavenson  :  They  have  all  kinds  of  coals.  I  think  the 
largest  number  of  seams  in  any  district  is  34.  The  lower  seams  are 
low-volatile  coal  corresponding  in  volatile  nearly  to  our  anthracite — 
seven  to  eight  per  cent.  The  next  higher  seams  have  from  15  to  18 
per  cent,  volatile  matter,  something  like  our  smokeless  coals  of  West 
Virginia  and  Central  Pennsylvania.  Above  that  they  get  into  the 
coking  coal  and  the  gas  coals,  and  above  that  what  they  call  a  gas 
Hame  coal,  which  would  be  something  like  our  long-dame,  high- 
volatile  coals  from  some  parts  of  Kentucky  and  West  Virginia.  The 
volatile  matter  in  these  runs  as  high  as  38  per  cent.  In  what  they 
consider  their  best  coking  coals  it  ranges  from  22  to  28  per  cent. ;  in 
gas  coal  from  28  to  34  per  cent.,  and  in  others  from  34  to  40  per 
cent.  Some  of  the  mines  produce  some  of  each  kind  of  coal.  Some  of 
the  newer  mines  are  only  in  the  upper  seams  as  yet. 

L.  E.  Young :t  In  the  mine  you  referred  to,  was  the  objective 
more  than  one  cut  in  24  hours? 

H.  N.  Eavenson  :  Those  places  were  laid  out  to  get  one  cut 
per  shift.  I  think  that  is  limited  entirely  by  the  fact  that  it  takes  a 
great  deal  longer  to  backfill  than  it  does  to  load  the  coal.  They 
could  do  a  great  deal  more  if  they  did  not  have  to  do  the  backfilling. 
That  is  the  limiting  feature  in  Germany. 

^Bituminous  Representative,  Koppers  Rheolaveur  Co.,  Scottdale,  Pa. 
tVice-President,  Pittsburgh  Coal  Co.,  Pittsburgh. 
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L.  E.  Young:  I)o  you  have  any  figures  indicating  the  cost  of 
product  loaded  at  the  railroad  car  in  Germany? 

H.  N.  Eavensox:  Yes,  but  1  do  not  believe  I  have  them  with 
me.  I  think  as  a  usual  proposition  their  labor  cost  now  is  running 
from  $1.65  to  $1.85  and  total  cost  $3.50  to  $3.75.  They  vary  a 
great  deal  in  different  places  and  in  some  mines  may  be  a  great  deal 
higher  than  that.  Their  material  cost  is  very  high,  about  70  cents  a 
ton,  something  like  that  in  the  anthracite  region. 

L.  E.  Young:  What  are  the  regulations  in  regard  to  back¬ 
filling  with  respect  to  the  material  used  and  the  compactness  with 
which  it  is  to  be  applied  in  the  openings? 

H.  N.  Eavensox:  As  far  as  I  was  able  to  find  out  (I  did  not 
have  very  much  time  for  it)  the  only  place  they  specify  hydraulic 
packing  is  where  they  are  mining  under  public  buildings  or  under 
steel-works.  They  do  take  the  coal  from  beneath  steel  plants  in 
Essen,  and,  with  hydraulic  filling,  the  settlement  is  very  much  less. 
They  get  as  a  rule  less  than  10  per  cent,  subsidence  with  that  type 
of  work.  They  can  take  the  coal  out  from  under  large  areas  with¬ 
out  interfering  with  the  operations  above.  In  the  other  work,  where 
they  are  using  ordinary  filling,  they  expect  a  subsidence  of  anywhere 
from  15  to  20  per  cent.  I  think  the  only  requirement  is  that  it  must 
not  be  of  inflammable  materials.  The  main  requirement  is  to  protect 
buildings  or  machinery  in  plants  above. 

J.  R.  Campbell:  What  is  the  thickness  of  the  seams? 

H.  N.  Eavensox:  Anywhere  from  30  inches  up.  They  told 
me  that  they  had  seams  eight  and  nine  feet  thick,  but  I  think  the 
average  is  about  4 feet. 


SCRAPER  LOADERS  IN  DEVELOPMENT  WORK* 

By  T.  F.  McCarthy! 


The  term  “scraper  loader"  is  derived  from  the  combination  of 
a  rope  hoist  and  a  scoop  that  is  hauled  over  the  bottom  between  the  , 
face  and  the  loading  points.  Two  general  types  of  hoists  are  in  use: 

1.  The  stationary  type,  which  is  located  remote  from  the  load¬ 
ing  chute. 

2.  The  self-contained  type,  which  is  an  integral  part  of  the 
loading  chute. 

Each  type  has  either  two  or  three  drums.  One  of  the  most 
flexible  of  the  self-contained  type  is  the  three-drum  self-propelling 
unit  similar  to  the  Goodman  entry  loader.  There  are  numerous 
designs  of  scoops  in  use  and  the  type  most  generally  used  is  the 
rigid  or  semi-rigid,  open-bottom  scoop,  although  there  are  a  number 
of  automatic  loading  and  unloading  designs  that  have  proved  very 
successful  and  are  coming  into  more  general  use. 

Our  use  of  scraper  loaders  in  development  work  was  brought 
about  by  the  need  of  more  rapid  development.  In  our  low  coal,  rang¬ 
ing  in  height  from  32  to  44  inches,  large  development  areas  are  re¬ 
quired  for  comparatively  small  tonnages  and  rapid  speed  of  develop¬ 
ment  is  necessary  to  get  a  proper  degree  of  concentration  in  our  work. 
In  our  held  we  encounter  frequent  rolls  and  troubled  areas,  abrupt 
changes  in  grades,  and  considerable  water  in  dip  workings.  These 
conditions  make  it  difficult  to  get  hand  loaders  for  this  work,  particu¬ 
larly  on  a  double-shift  basis. 

We  have  used  the  Goodman  entry  loader  exclusively  in  this 
work.  We  favored  this  type  of  equipment  because  of  its  portability 
and  relative  simplicity ;  also  due  to  the  fact  that,  being  a  track  ma¬ 
chine,  when  it  is  moved  to  a  location  work  can  be  started  immediately. 

The  entry  is  driven  ten  feet  wide  for  a  distance  of  from  200 
to  250  feet  in  the  coal.  As  the  entry  is  advanced,  the  room  necks 
are  made  by  loading  out  one  cut  and  undercutting  the  second  cut.  It 
it  is  to  be  driven  wide,  slabbing  cuts  are  taken  to  bring  it  to  the 
required  width.  The  machine  is  then  located  in  the  cross-cut,  and 
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the  parallel  entry,  or  air  course,  is  driven  up.  In  driving  this  parallel 
entry  a  third  rope  is  necessary  to  guide  the  scoop  around  the  turn.  It 
it  were  not  used  an  open  sheave  would  be  required,  which  would 
necessitate  an  additional  man  at  this  point. 

The  coal  is  undercut  with  a  standard,  or  low-vein,  mining  ma¬ 
chine  and  drilling  is  done  with  an  electric  drill.  After  the  coal  is 
taken  out,  the  roof  or  bottom  is  brushed,  using  a  rock  loader  or 
scraper  loader,  or  it  is  brushed  by  hand. 

Unless  unusual  conditions  are  encountered,  this  work  is  done  on 
a  contract  basis.  Our  experience  has  shown  that  an  ordinary  three- 
man  crew  under  average  conditions  will  load  out  three  of  the  six- 
foot  cuts  per  shift.  Under  good  conditions  a  well  organized  crew 
can  load  out  four  or  more  cuts  a  day. 

l  ime  studies  made  for  three  successive  days  on  a  crew  that 
averaged  three  cuts  a  day,  show  that  only  about  30  to  40  per  cent, 
of  the  time  is  required  in  loading  out  the  cut.  The  rest  of  the  time 
is  about  equally  divided  between  cutting,  which  includes  moving  the 
machine  to  and  from  the  face  and  changing  the  bits ;  and  in  shooting, 
which  includes  drilling,  tamping,  and  waiting  for  the  smoke  to  clear 
out.  As  a  part  of  the  regular  duties  of  the  crews  they  must  set  all 
timber  except  break  row,  when  the  entry  is  driven  wide;  also  take 
care  of  extension  of  ventilation  tubing,  and  make  the  necessary  pipe¬ 
line  extension  where  water  is  encountered. 

We  have  experimented  with  many  devices  to  facilitate  the  load¬ 
ing  out  of  the  coal,  among  them  being  pans  under  the  cut,  and  self¬ 
loading  scoops,  but  the  reduction  in  time  in  the  loading  out  operation 
was  so  small  for  the  complete  cycle  that  the  crews  did  not  want  to 
be  bothered  with  them.  The  time  studies  do  show  that,  as  the  greater 
part  of  the  cycle  is  required  in  the  cutting  and  shooting  operations, 
our  real  need  is  a  continuous  cutting  and  loading  machine.  To  my 
knowledge  no  machine  of  this  type  has  been  developed  for  our  peculiai 
conditions. 

One  of  our  greatest  difficulties  has  been  to  develop  competent 
crews,  as  it  requires  men  having  considerable  mechanical  ability  to 
get  the  best  results.  This  is  characteristic  of  our  problems  in  all  forms 
of  mechanical  loading,  and  it  shows  that  we  must  train  our  men 
mechanically  to  get  the  best  results  in  this  work. 


THREE-SHIFT  OR  CONTINUOUS  MINING* 

By  H.  E.  Mason! 


Introduction.  This  meeting  having  been  called  for  the  general 
discussion  of  concentrated  mining  in  Pennsylvania,  your  very  efficient 
committee  on  arrangement,  having  learned  that  the  Trotter  mine  of 
the  H.  C.  Frick  Coke  Company  had  been  operating  more  than  one 
shift  a  day,  for  some  years,  sent  us  an  invitation  to  read  a  paper  at 
this  meeting,  on  the  general  practice  and  the  experiences  met  with  in 
this  method  of  operation. 

Having  had  several  years  of  experience  with  this  method  of  oper¬ 
ation,  the  honor  of  preparing  and  presenting  this  paper  was  conferred 
on  me.  I  have  given  the  matter  my  best  efforts  and  hope  that  you  will 
find  the  following  interesting  and  instructive. 

Mi  nes  W  orking  More  Than  One  Shift.  Of  the  mines  operated 
by  the  H.  C.  Frick  Coke  Company  in  the  coke  region,  we  have  about 
15  that  operate  more  than  one  shift.  Six  mines  have  recently  been 
working  on  the  three-shift  basis,  four  have  been  working  two  shifts, 
and  the  remainder  have  been  working  more  or  less  two  and  three 
shifts  as  the  case  may  have  demanded  in  certain  bad  sections  of  mines. 

Thinking  that  perhaps  you  will  be  more  interested  in  hearing 
of  the  three-shift  or  continuous  method  of  operation,  and  since  this 
method  is  not  so  commonly  practised,  I  shall  dwell  particularly  on 
that  arrangement. 

Meaning  of  the  T hree-Shift  or  Continuous  Operation.  Three- 
shift  or  continuous  operation  means  that  the  section  or  mine,  which¬ 
ever  the  case  may  be,  operates  each  and  every  working  place  contin¬ 
uously  24  hours  a  day.  In  most  cases  it  operates  six  days  a  week, 
Sundays  being  idle.  The  days  are  divided  into  three  eight-hour  shifts. 

The  time  for  starting  shifts  varies  at  different  mines,  for  local 
reasons  such  as  street-car  accommodations.  The  general  practice  is 
that  the  day  shift  starts  at  7:00  A.  M.  and  ends  at  3:00  P.  M.,  the 
afternoon  shift  extends  from  3  :  00  to  1 1  :  00  P.  M.,  and  the  night  shift 
from  1 1  :  00  P.  M.  to  7:00  a.  m.  All  shifts  start  and  end  at  the  work¬ 
ing  place. 
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Origin  of  Plan.  The  three-shift  method  of  operation  did  not 
originate  with  the  H.  C.  Frick  Coke  Company.  I  believe  it  was  in 

1921  that  we  first  got  the  idea  of  its  workings,  when  we  learned 
that  the  Cambria  Steel  Company  was  operating  in  this  manner  in  its 
Rolling  Mill  mine  at  Johnstown,  Pa.  'Phis  was  just  preceding  the 

1922  labor  disturbance  and,  of  course,  opportunity  was  lacking  for 
a  try  out  at  that  time,  but  in  1923  it  was  introduced  in  our  Trotter 
mine,  where  we  first  started  with  two  shifts  and  shortly  thereafter 
followed  with  the  three-shift  arrangement.  It  seemed  to  give  the 
desired  results,  and  was  taken  with  such  good  grace  by  the  men  that 
other  mines  have  since  been  included  in  this  arrangement. 

The  Trotter  mine,  like  many  others  in  the  coke  region,  was 
designed  and  equipped  for  supplying  the  charge  for  a  definite  num¬ 
ber  of  ovens  each  day.  The  possibility  that  it  might  some  day  be  a 
coal  production  plant  only  was  not  considered.  Some  of  its  equipment 
is  therefore,  somewhat  obsolete  for  its  present  operation,  and  this 
accounts  for  a  certain  amount  of  inefficiency  in  the  operation.  It 
is  a  shaft  mine,  with  surface  cover  varying  from  250  to  600  feet,  and 
nine  feet  of  coal  overlaid  with  draw  slate  and  underlaid  with  lime¬ 
stone.  It  is  a  very  old  mine  that  was  about  thirty  per  cent,  worked 
out  when  acquired  by  the  Company.  The  original  owners  had  ex¬ 
tracted  most  of  the  coal  within  three-quarters  of  a  mile  from  the 
shaft  bottom.  Phis  left  only  five  narrow  necks  of  coal  ranging  in 
width  any  place  from  400  to  800  feet  as  a  support  for  haulage,  air 
course,  manway  and  drainage  headings  connecting  with  the  outlying 
coal  area  of  the  mine.  These  headings  had  many  cross-cuts  and  side 
entries,  and  every  possible  place  was  packed  full  of  slate.  The  head¬ 
ings  were  very  wide,  having  weathered  for  years.  The  excessive  width 
demanded  frequent  and  substantial  retimbering.  Approximately  10 
per  cent,  of  the  coal  was  mined  out  of  these  necks.  The  full  surface 
settlement  was  resting  on  the  coal  between  the  gobs.  The  floor  of 
this  mine  is  rolling  and  full  of  swamps,  lying  adjacent  to  the  Youghio- 
gheny  River,  and  it  was  necessary  to  pump  to  the  surface  about 
3,500,000  gallons  every  24  hours.  The  output  per  single  shift  was 
falling  down,  costs  were  mounting,  the  existing  coal  area  was  not 
sufficient  in  size  for  economical  mining  lay-out,  or  introduction  of 
modern  mechanical  mining  equipment  for  the  speedy  recovery  of  the 
coal.  Everything  indicated  that  it  was  going  to  be  a  long  drawn  out 
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and  expensive  operation  by  single  shift.  These  matters  considered, 
any  scheme  for  the  quick  disposal  of  this  mine  was  welcomed.  There 
were  plenty  of  willing  men  in  the  region.  Thus  came  about  the  in¬ 
troduction  of  the  three-shift  idea. 

It  has  been  said  “we  can’t  stretch  a  single  hour  but  we  can  in¬ 
tensify  its  output,”  and  again  it  has  been  said  that  “seconds  saved 
are  dollars  earned.”  These  little  maxims  somehow  seem  to  fit  in 
with  this  three-shift  idea. 

Organization  for  Three-Shift  Operation.  There  is  a  mine  fore¬ 
man  in  full  charge  of  the  whole  operation,  and  he  alternates  his  visits 
in  the  mines  so  that  he  can  keep  himself  acquainted  with  the  conduct 
and  working  of  each  shift.  There  is  an  assistant  mine  foreman  on 
each  of  the  sections  for  each  shift,  and  he  will  have  from  15  to  25 
working  places  with  two  miners  working  in  every  place ;  also  the 
necessary  number  of  drivers,  shot  firers,  timbermen,  roadmen,  and 
laborers  to  accommodate  his  working  places  and  conditions.  The 
shifts  rotate  every  two  weeks,  including  assistant  foreman  and  men. 
The  assistant  mine  foreman  also  performs  the  duties  of  fire-boss.  He 
goes  in  the  mine  about  two  hours  in  advance  of  his  men  and  makes 
the  fire-boss  run  or  inspection.  He  then  makes  about  two  rounds  of  in¬ 
spection  as  assistant  and  his  last  round  again  as  a  fire-boss,  so  that  he 
can  sign  the  record  books  before  the  entrance  of  the  next  shift.  He 
signs  the  books  both  as  assistant  foreman  and  as  fire-boss,  and  in¬ 
structs  the  ingoing  shift  with  regard  to  their  places  of  work  and  con¬ 
ditions.  Mining  all  by  pick  work,  miners  generally  practice  the  over 
mining  of  coal  and  the  bottoms  are  shot  up.  It  takes  about  two 
hours  in  the  preparation  of  the  over  mining,  which  is  about  four  or 
four  and  a  half  feet  deep,  places  being  driven  about  eleven  feet  wide. 
This  produces  about  nine  tons  per  miner  per  shift,  or  54  tons  of  coal 
per  24  hours  per  place,  the  place  advancing  about  thirteen  feet  in 
the  same  period  of  time. 

The  miners  do  their  own  timbering.  The  maximum  distance 
of  timbering  is  four  feet  or  less,  depending  upon  conditions,  center 
post  and  stub  post  being  used  at  the  face.  As  nearly  as  possible,  we 
work  the  face  by  the  room-and-pillar  method,  or  what  might  be 
called  the  modified  short-wall  system.  M  iners  lay  their  own  track 
in  their  working  places.  Shot  firers  are  likewise  combination  men. 
In  the  lapse  of  an  hour  and  a  half  to  two  hours  in  the  beginning  of  a 
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shift,  while  the  miners  are  doing  their  overmining,  the  shotfirers  do 
timbering,  laying  of  track,  etc.  It  is  usually  necessary  to  have  two 
shot  hrers  on  each  section  to  expedite  shooting  since  all  the  miners 
are  ready  to  start  at  about  the  same  time.  An  average  of  two  holes  is 
shot  in  each  place  per  shift. 

The  shot  brer  sells  powder  to  the  miners  before  they  go  into 
the  mine  and  buys  back  the  surplus  outside  the  mine  at  the  end  of 
the  shift.  The  live  stock  is  delivered  to  and  taken  away  from  the 
driver  at  the  sectional  landing.  All  men  stay  in  their  working  places 
until  relieved  by  the  incoming  shift.  You  will  note  that  the  time  spent 
underground  by  this  three-shift  arrangement  can  not  possibly  exceed 
eight  hours,  plus  the  traveling  time  to  and  from  the  working  places. 
I  do  not  know  that  we  have  a  mine  working  under  this  arrangement 
where  the  time  is  greater  than  nine  hours  from  outside  to  outside. 

Results  of  Three-Shift  Operation.  It  is  expected  that  we  will 
finish  the  mine  in  about  one-third  the  time  it  would  take  on  the  sin¬ 
gle-shift  basis.  Costs  of  pumping,  drainage,  and  ventilation  as  you 
know,  go  on  24  hours  a  day  and  the  equipment  therefore  has  to  be 
kept  in  proper  operating  condition  whether  the  mine  is  operated  one 
shift  or  three,  thus  we  will  have  two-thirds  saving  from  this  source. 
Production  is  the  same  on  each  shift  and  exceeds  that  if  only  one 
shift  were  worked,  since  there  is  no  lost  time  or  effort  in  preparing 
places  to  stand  over  night. 

Places  are  driven  over  and  retreated  generally  before  the  full 
effect  of  subsidence  has  taken  place.  More  coal  is  produced  per  life 
of  mine-cars,  rail,  rope  and  ties.  Inventory,  insurance,  taxes,  and 
general  overhead  are  all  reduced  by  the  shortened  life  of  the  mine. 
We  have  one  mine  where  they  have  sufficient  mine-cars  to  mine 
all  th  ree  shifts  but  hoist  only  two  shifts,  thus  saving  hoisting  and 
haulage  crews  for  the  one  shift.  Considering  the  conditions  that  the 
management  has  to  meet  in  these  three-shift  mines — extra  slate  clean¬ 
ing,  less  than  capacity  use  of  transportation  equipment,  small  necks 
of  coal  territory  which  are  insufficient  for  an  economical  lay-out,  and 
high  supervision  costs  on  the  small  sections — the  costs  run  onlv  about 
15  to  20  per  cent,  higher  in  the  three-shift  mine  than  in  some  of  our 
one-shift  mines  which  are  most  modern  in  lay-out  and  mechanical 
equipment.  We  feel  that,  everything  considered,  we  are  saving  from 
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30  to  40  per  cent,  by  operating  these  old  mines  on  the  three-shift 
arrangement,  as  compared  with  the  same  mines  on  the  one-shift 
arrangement. 

The  mechanical  force,  in  the  shops  on  the  outside  work  only 
one  shift. 

Accidents.  The  1928  record  of  accidents  for  the  H.  C.  Frick 
Coke  Company  indicates  that  the  mines  working  on  the  three-shift 
arrangement  were  very  much  better  than  mines  working  otherwise, 
two  of  the  mines  in  particular  (Trotter  and  Lemont)  having  led 
the  Company  for  the  least  number  of  accidents.  Trotter  mine,  with 
an  average  of  337  men  a  day,  had  no  disabling  accidents  during  all 
of  1928  and  for  the  preceding  five  months  in  1927,  making  a  total 
of  seventeen  months  without  a  disabling  accident.  Lemont  mine,  with 
an  average  of  633  men  a  day,  had  1 1  disabling  accidents,  or  an  acci¬ 
dent  rate  of  1.74  per  100  men  employed.  Looking  at  this  matter 
from  the  tonnage  standpoint,  the  six  three-shift  mines  produced 
2,781,702  tons  of  coal  in  1928  without  a  fatal  accident,  154,539  tons 
per  serious  accident,  and  103,026  tons  per  miner  lost-time  accident. 

The  accident  rate  for  the  whole  H.  C.  Frick  Coke  Company  in 
1928  was  1,251,000  tons  per  fatal  accident,  75,000  tons  per  serious 
accident,  and  42,000  per  miner  lost-time  accident,  with  an  average 
accident  rate  of  5.76. 

The  favorable  accident  rate  in  the  three-shift  mines  might  be 
attributed  to  smaller  sections  being  worked  with  greater  supervision  ; 
to  closer  contact  and  better  schooling  of  the  men ;  and  to  the  men 
being  trained  to  stay  in  their  working  places  until  the  incoming  shift 
arrives  to  observe  men  and  workmanship.  This,  we  believe,  has  some 
moral  effect,  inducing  the  miner  to  keep  his  place  in  better  shape, 
which  means,  to  a  great  extent,  safer  shape.  Of  course  we  can  not 
imply  that  a  three-shift  operation  will  guarantee  a  reduction  of  acci¬ 
dents  any  more  than  we  can  say  that  we  no  longer  have  to  contend 
with  the  human  element. 

Attitude  of  Men.  1  feel  certain  that  the  first  question  that  will 
come  into  your  mind  regarding  this  manner  of  operation  will  be  that 
of  the  satisfaction  of  the  men  working  on  the  changing  shifts.  As  I 
stated  above,  the  day  shift  rotates  to  the  afternoon  shift  after  a  stay 
of  two  weeks  on  the  day  shift,  and  so  on  to  the  night  shift.  This 
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latter  shift,  of  course,  is  the  most  unsatisfactory  to  the  men,  due  to 
the  difficulty  of  sleeping  and  getting  their  rest  in  the  daytime.  Espe¬ 
cially  is  this  true  during  the  summer  months  because  of  the  heat  and 
also  the  disturbance  by  the  children  who  are  out  of  school  at  that 
time  and  usually  playing  and  making  noise  around  the  house.  1  he 
men  claim  that  it  takes  about  two  days’  time  to  become  accustomed 
to  sleeping  through  the  day.  This  complaint  no  doubt  is  justified, 
but  somewhat  offset  by  the  fact  that  on  each  change  of  shift  they  do 
some  complaining  for  the  first  day  or  two,  hut  after  that  their  dispo¬ 
sitions  are  quite  cordial.  It  seems  to  be  the  natural  disposition  for 
miners  to  complain  at  the  least  provocation  anyway.  I  think  the  real 
fact  of  the  matter  is  that  they  greet  the  changing  shift  somewhat 
expectantly.  There  seems  to  be  just  enough  whirling  around  to  keep 
the  job  interesting,  or  a  little  on  the  order  that  “a  change  of  work  is 
as  good  as  a  vacation.”  We  have  never  had  any  trouble  with  the  men 
on  this  score.  I  do  not  recall  that  we  have  ever  had  a  man  quit  work 
due  to  the  changing  shifts.  At  Lemont  mine  we  average  less  than  a 
five  per  cent,  turnover  in  employees. 

The  hardest  w*ork  in  a  three-shift  operation  is  most  assuredly 
done  by  the  mine  foreman,  who  has  to  keep  mighty  close  watch  of 
details  and  conditions.  He  must  keep  planning  ahead  and  co-ordinat¬ 
ing  the  work,  and  forever  fostering  co-operation  among  his  foremen 
and  men. 


DISCUSSION 

M.  D.  Cooper:*  What  is  the  actual  process  of  changing  shifts? 

H.  E.  M  asox  :  We  usually  start  that  change  on  Monday 
morning. 

M.  D.  Cooper:  I  mean  from  the  three  o’clock  shift  to  the 
eleven  o’clock  shitt  for  instance. 

L.  O.  Lougee:+  If  any  of  these  men  fail  to  clean  up  their  places 
in  their  shift,  how  is  that  adjusted  with  the  incoming  man? 

’Division  General  Superintendent.  Hillman  Coal  &  Coke  Co.,  Pittsburgh. 

tCivil  and  Mining  Engineer,  George  S.  Baton  &  Co.,  Pittsburgh. 
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H.  E.  M  asox  :  We  find  that  the  men  generally  know  just  about 
how  much  coal  they  can  get  down  before  their  quitting  time.  There 
is  no  friction  on  that  point  at  all. 

L.  O.  Lougee:  Are  these  men  paid  on  a  tonnage  basis  just  like 
the  others? 


H.  E.  Mason:  We  pay  them  by  the  wagon. 

M.  D.  Cooper:  It  would  be  interesting  to  know  how  you  keep 
the  tools  from  being  stolen. 

H.  E.  Mason:  Having  three  shifts  of  men  there,  every  man 
owns  his  own  tools,  consisting  of  picks,  shovel,  axe,  saw,  slate  bar, 
wedge,  sledge  hammer  and  auger,  supplemented  by  safetv-toed  shoes 
and  glass  goggles.  We  have  insisted  on  this  individual  ownership  for 
several  reasons : 

I.  All  the  tools  are  locked  up  by  the  miner  in  a  special  tool 
locking  device.  This  keeps  the  tools  together. 

2.  If  every  man  is  compelled  to  have  a  full  set  of  tools,  a 
frequent  check  by  the  foreman  being  made  to  see  that  this  is  in  effect, 
the  reason  for  stealing  is  greatly  lessened. 

3.  Changing  conditions  at  times  makes  it  necessary  to  change 
men  about  and  if  they  all  have  their  own  tools  there  is  never  any 
chance  that  two  men  will  be  put  together  without  a  full  set  of  tools. 


SCRAPER  LOADING  ON  WIDE  FACES 
By  Fred  Norman! 

The  Allegheny  River  Mining  Company  has  for  some  four  years 
tried  out  different  methods  in  scraping  coal  from  face  to  mine-car, 
and  has  been  quite  successful  in  the  undertaking.  1  he  main  thing  in 
view  is  of  course  to  cheapen  production,  and  to  this  end  several  tests 
with  mechanical  loaders  were  made,  with  the  result  that,  under  the 
existing  local  conditions,  scrapers  were  found  better  adapted  for  the 
purpose  than  other  types  of  mechanical  loaders. 

After  some  more  or  less  fruitful  attempts,  feeling  the  way  as 
to  equipment  and  mining  methods,  success  was  finally  achieved  in 
organizing  the  scraping  of  coal  on  a  fairly  systematic  basis. 

The  first  endeavors  were  along  lines  of  the  V  system,  as  devel¬ 
oped  at  Norton,  W.  Va.,  and  this  sytem  is  giving  satisfactory  results 
under  certain  mining  conditions.  From  this  were  developed  other 
methods,  to  meet  the  varying  conditions  encountered — modifications 
of  the  V  system,  the  panel  system,  and  a  combination  of  the  two.  Of 
these,  the  panel  system,  where  the  roof  permits  the  operation,  appears 
to  be  the  most  economical.  The  combination  has  also  proved  efficient 
and  better  adapted  to  roof  conditions  than  the  straight  panel. 

To  scrape  coal  successfully,  certain  mining  conditions  are  essen¬ 
tial.  The  roof  must  be  easily  controlled,  and  the  floor  firm,  but  plastic 
enough  to  give  a  smooth  slippery  surface,  after  two  or  three  passages 
of  the  scraper,  or  scoop.  A  hard  firm  clay  seems  to  lend  itself  well  to 
scraping. 

The  V  faces  are  on  different  angles  and  lengths,  governed  by 
roof  conditions.  The  scraper  or  scoop  travels  in  a  center  road  or 
gateway  between  two  opposite  faces  which  are  worked  alternately,  or 
the  scoop  is  operated  on  one  face  only  from  each  gateway.  This  sys¬ 
tem  is  also  in  use  drawing  entry  stumps,  utilizing  one  of  the  entries 
as  the  gateway,  and  angling  the  faces  across  the  pillars. 

In  the  panel  system,  a  block  of  coal  about  200  feet  square  is 
bodily  drawn  on  the  retreating  method.  Gateways  are  driven  on  oppo¬ 
site  sides  of  the  block,  at  right  angles  to  the  gathering  entry.  The 
hoist  and  the  empty  cars  are  placed  in  either  gateway.  The  scoop 

^Presented  November  26,  1929.  Received  for  publication  March  15,  1930. 

tChief  Engineer,  Allegheny  River  Mining  Co.,  Kittanning,  Pa. 
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is  operated  across  the  entire  face  of  the  block,  scraping  the  coal  to  the 
cars  in  the  gateway.  The  hoist  is  placed  in  the  gateway  near  the 
entry,  and  the  ropes  deflected  by  sheaves  so  the  drag  is  parallel  to 
the  face.  The  sheaves  are  moved  toward  the  entry  as  the  face  re¬ 
treats.  In  some  instances  the  entire  block  has  been  exhausted  before 
a  cave  occurred,  but  when  necessary  the  roof  is  broken  with  tight 
posting  or  cribs.  The  gateway  is  kept  open  with  cribs  built  as  the 
face  recedes. 

% 

The  combination  system  has  several  advantages  over  the  straight 
panel.  A  block  of  coal  about  200  feet  square  is  flanked  on  both  sides 
with  double  gateways,  having  a  very  thin  pillar  between  them.  This 
pillar  is  from  four  to  six  feet  thick.  The  block  is  divided  by  a  room 
12  to  14  feet  wide,  to  serve  as  an  escape-way.  The  gateways  are 
turned  off  as  a  single  neck  opposite  a  cut  through,  so  the  scoop  can 
be  operated  in  either  of  the  two  parallel  gateways;  the  hoists  can 
therefore  serve  two  panels  with  one  setting.  The  coal  is  scraped  to 
the  cars  on  the  entry.  The  V  faces  are  formed  with  the  apex  in  the 
escape-way,  serving  both  as  a  safety  outlet  and  a  loose  end  for  the  faces. 

A  scraper  unit  consists  of  one  scoop,  one  steel  chute  for  delivery 
to  car,  one  double-drum  hoist,  one  motor,  jacks,  sheaves,  ropes,  etc., 
and  a  small  hoist  for  moving  the  cars. 

The  crew  is  made  up  of  five  men  in  V  and  straight  panels,  and 
six  men  in  the  combination  system.  Tonnage  per  unit  varies  with  the 
conditions.  On  short  V  faces,  the  average  is  about  seventy  tons  in 
eight  hours,  and  on  the  panel  and  combination  systems  about  one 
hundred  tons.  A  maximum  of  125  tons  is  not  infrequent.  The  coal 
seam  averages  40  inches  thick.  The  scraper  unit,  or  crew,  undercuts 
the  coal,  blasts,  timbers,  attends  the  scraper,  cleans  the  faces,  operates 
the  hoist,  trims  the  cars,  moves  the  trip  under  the  chute,  and  move* 
the  equipment  from  place  to  place. 

The  cleaning  of  the  coal  is  as  in  all  mechanical  loading  schemes, 
a  problem  for  the  picking-tables.  With  proper  blasting  and  other 
precautions,  the  proportion  of  small  coal  can  be  kept  within  reason¬ 
able  limits. 

In  operating  scrapers  on  long  faces,  there  will  now  and  then 
be  trouble,  and  faces  are  frequently  lost ;  but,  on  the  whole,  fair 
success  has  been  achieved. 
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Gateways,  and  at  times,  entries  are  driven  by  the  aid  of  scrapers. 
The  coal,  and  in  case  of  entries  also  the  rock,  is  loaded  into  the  scoops 
by  hand. 

Aside  from  the  actual  operation  of  the  scraper  units,  there  are 
further  advantages  in  concentration  of  the  work.  There  is  better 
supervision;  and  loading  in  entries,  allowing  use  of  larger  cars,  facili¬ 
tates  haulage.  Ventilation  and  drainage  are  also  simplified.  Accidents 
also  have  been  reduced  with  this  method  of  mining,  as  compared  with 
hand  loading  by  the  room-and-pillar  system. 


USE  OF  FACE  CONVEYORS  IN  HEADINGS 
AND  ROOM  PILLARS* 


By  L.  H.  SchnerrI 

The  Gray  mine  of  The  Consolidation  Coal  Company,  located 
near  Somerset,  Pa.,  is  entirely  a  conveyor  mine.  The  results  obtained 
are  therefore  free  from  any  influence  of  hand-loaded  sections. 

The  seam  of  coal  is  known  as  the  “E”  or  Upper  Freeport.  The 
portion  of  the  seam  mined  as  marketable  coal  is  34  inches,  and  is 
usually  without  binders  of  any  kind.  Immediately  above  this  portion 
of  the  seam  are  eight  inches  of  bone,  which  can  generally  be  held  in 
place  by  a  good  system  of  timbering.  Above  this  bone,  we  find  six 
to  18  feet  of  gray  slate  and  30  to  50  feet  of  Quemahoning  sandstone. 
The  total  overburden  ranges  from  200  to  400  feet.  Immediately 
below  the  34-inch  coal  seam  is  a  ljT-inch  hard  bone  parting,  fol¬ 
lowed  by  \y2  inches  of  good  coal,  another  l^-inch  hard  bone  part¬ 
ing,  and  nine  inches  of  dirty  coal.  The  real  bottom  is  a  hard  slate. 

Short-wall  machines  are  used  for  all  cutting. 

In  our  room  work,  we  cut  out  the  upper  binder  (which  is  just 
below  the  marketable  coal)  and  gob  the  cuttings.  The  same  is  true 
for  the  cutting  in  the  air  courses  and  cross-cuts. 

In  the  haulage  entries,  or  wherever  brushing  is  done,  the  cutting 
is  done  in  the  bottom  bench  of  coal  and  the  cuttings  loaded  out 
as  refuse. 

Our  conveyors  may  be  grouped  in  three  classes — the  main  con¬ 
veyor  which  can  be  extended  to  300  feet,  a  much  lighter  intermediate 
or  cross  conveyor  with  a  maximum  of  175  feet,  and  the  face  con¬ 
veyor  which  is  limited  to  30  feet.  Both  the  first  and  second  classes 
are  chain  and  flight  type  conveyors.  The  third,  or  face  conveyor,  is 
the  mat  type,  selected  on  account  of  its  lightness  and  slight  height, 
resulting  in  easy  shoveling  for  the  men  at  the  face.  Loading  booms 
are  provided  where  necessary  on  both  the  main  and  cross  conveyors. 

In  entry  driving,  two  places  are  driven  at  the  same  time  with 
one  common  loading  point.  The  loading  boom  is  attached  to  the 
cross  conveyor  which  receives  the  coal  from  the  two  main  conveyors, 
one  in  the  center  of  the  air  course  and  the  other  along  the  chain 

^Presented  November  26,  1930.  Received  for  publication  April  11,  1930. 

tManager,  Pennsylvania  Division,  Consolidation  Coal  Co.,  Somerset,  Pa. 
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pillar  rib  of  the  haulage  entry.  On  account  of  the  slight  width,  no 
face  conveyors  are  used  in  this  set-up.  Where  the  chain  pillars  are 
sufficiently  wide  to  require  it,  a  second  cross  conveyor  is  used  to  drive 
advanced  cross-cuts.  No  loading  boom  is  necessary  on  this  conveyor 
as  it  delivers  the  coal  to  the  main  conveyor  in  the  entry. 

When  the  cut  is  made  in  the  entry  in  the  bottom  bench,  the 
cuttings  are  loaded  out  as  refuse  and  the  coal  shot  down.  Care  must 
be  exercised  in  placing  of  the  holes,  for,  unless  the  holes  are  fairly 
horizontal  and  quite  close  to  the  top  bone,  the  coal  will  stick  to  the 
bone.  Proper  drilling  of  holes  can  be  accomplished  by  the  use  of 
fairly  light  electric  drills. 

After  shooting,  the  coal  is  loaded  off  the  top  binder  giving  a 
clean  product.  When  this  is  done,  the  top  bone  is  either  pulled  oi 
shot  down  and  this  bone  along  with  the  portion  remaining  below  the 
top  binder  is  loaded  out.  Where  the  top  bone  is  weak,  a  cut  or  so 
is  left  in  place,  temporarily  timbered  with  light  cross-bars,  until  the 
next  cut  of  coal  is  removed.  The  final  clear  height  is  almost  five  feet, 
which  is  sufficient  for  butt  entries. 

Under  normal  conditions,  a  five  man  crew — two  men  in  the 
entry,  two  men  in  the  air  course,  and  one  boom  man — wi  11  give  us 
two  cuts  in  each  place  per  shift.  The  crew  is  under  the  leadership 
of  one  man  who  is  compensated  for  this  leadership  by  a  specified 
allowance  per  ton.  Phis  man  is  held  directly  responsible  for  his  entire 
crew;  furthermore,  he  furnishes  the  necessary  explosives  and  hand 
tools,  with  the  exception  of  the  electric  coal  drill.  We  have  found 
that  a  smaller  quantity  of  explosives  is  used,  resulting  in  better  sized 
coal,  and  also  that  tools  of  all  kinds  receive  much  more  consideration 
and  care  since  this  practice  has  been  installed. 

The  entry  and  air  course  are  driven  300  feet  beyond  the  loading 
point  before  the  loading  point  is  advanced.  The  loading  point  is  then 
moved  to  the  second  cross-cut  which  is  200  feet  distant.  This  gives 
us  a  minimum  empty  storage  space  of  100  feet  and,  since  the  track 
is  laid  as  the  entry  advances,  this  minimum  of  100  feet  is  increased 
until  the  maximum  of  300  feet  is  available.  No  brushing  is  done 
except  in  the  main  haulage-way,  except  to  provide  necessary  side¬ 
tracks  at  regular  intervals  to  facilitate  rapid  changing  of  cars. 

Our  present  system  of  driving  rooms  is  called  the  single-room 
system.  Only  one  room  is  driven  on  any  one  butt  heading.  The 
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rooms  are  50  feet  from  center  to  center,  giving  a  40-foot  room  and 
a  10-foot  pillar.  In  this  system  one  main  conveyor  with  loading  boom 
and  one  face  conveyor  are  used.  When  the  room  has  been  driven  to 
the  limit,  the  face  conveyor  is  removed  and  40-foot  slabs  are  cut  out 
of  the  10-foot  pillar.  As  we  use  a  seven-foot  cutter-bar,  nothing  but 
a  shell  remains  to  keep  out  the  adjoining  gob.  The  pillar  is  extracted 
very  quickly,  and  a  pillar  once  started  is  carried  to  completion  with¬ 
out  delay.  The  main  conveyor  into  which  the  pillar  coal  is  located 
directly  is  shortened  after  each  slab  is  removed.  The  approximate 
time  of  driving  a  40-foot  room  up  to  a  distance  of  about  300  feet, 
and  extracting  the  10-foot  pillar  is  slightly  less  than  two  weeks. 

The  standard  room  crew  consists  of  five  men,  including  the 
leader,  who  is  invariably  the  machine  man  or  cutter.  The  practice  at 
the  present  time  is  for  a  crew’  to  load  out  tw’o  cuts  one  day  and  three 
the  next,  the  average  therefore  being  five  cuts  each  day  of  two  shifts. 
We  have  loaded  out  six  cuts  in  one  day  of  tw7o  shifts.  The  day-shift 
and  night-shift  crew’s  do  not  divide  their  tonnage  equally.  In  some 
cases,  however,  they  have  mutual  agreements  as  to  the  condition  of 
the  place  when  w'ork  is  suspended  for  the  shift.  As  a  rule,  the  places 
are  left  cleaned  up  ready  for  the  cutters. 

We  have  tried  several  other  systems  of  driving  rooms,  endeavor¬ 
ing  to  get  more  concentration,  but  due  to  uncertain  roof  conditions 
and  the  great  variation  in  production  we  have  standardized  on  the 
single-room  system.  For  steady  output  day  after  day,  the  single  room 
is  to  be  preferred.  Furthermore,  wffien  either  physical  or  mechanical 
difficulties  are  encountered,  the  minimum  of  equipment  is  idle. 

One  of  the  first  systems  tried  at  the  Gray  mine  w~as  the  double 
room  with  a  single  loading  point.  In  that  system  we  drove  tw’o  40- 
foot  rooms  wfith  a  15-foot  pillar  between,  and  a  10-foot  barrier  pillar 
between  the  double-room  set  and  the  w’orked-out  area.  The  10-foot 
pillars  were  necessarily  lost  and  we  had  considerable  trouble  in  re¬ 
moving  the  15-foot  pillars.  In  each  of  the  twin  rooms  we  had  a 
face  conveyor.  One  of  these  delivered  the  coal  to  the  main  conveyor 
equipped  with  a  loading  boom,  and  the  other  delivered  to  an  inter¬ 
mediate  conveyor  which  discharged  on  a  cross  conveyor,  which  in 
turn,  emptied  on  the  main  conveyor  in  the  adjacent  room.  The  re¬ 
quired  conveyor  equipment  included  one  main  conveyor  with  loading 
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boom,  one  intermediate  conveyor,  one  cross  conveyor,  and  two  face 
conveyors. 

In  this  system,  the  entire  operation  was  under  the  leadership  of 
one  man  who  sometimes  had  a  regular  crew  for  each  room,  and  at 
other  times  had  its  special  loading  crew  and  preparation  crew  which 
worked  in  both  rooms.  The  advantages  of  this  system  were  more  con¬ 
centration  and  better  tonnage  per  boom  man.  I  he  disadvantages  were : 

1.  No  coal  could  be  loaded  out  of  the  auxiliary  room  while  the 
main  conveyor  was  being  extended,  this  operation  taking  between  1  5 
and  20  minutes  to  perform. 

2.  In  case  of  trouble,  considerable  equipment  was  necessarily 
idle,  consequently  affecting  production. 

3.  Difficulties  were  encountered  in  getting  conveyor  pans,  chain, 
and  timber  supplies  to  the  working  face  of  the  auxiliary  room.  1  his 
was  due  to  the  fact  that  our  intermediate  conveyors  are  not  reversible. 

4.  Due  to  the  large  size  of  the  pillar  between  rooms,  the  extrac¬ 
tion  was  slower,  as  a  second  cut  was  necessary,  thus  causing  double 
shoveling  of  considerable  coal. 

Another  system,  which  we  soon  discarded,  was  to  drive  a  15-foot 
room,  bringing  back  35-foot  pillars  on  each  side.  This  system  neces¬ 
sitated  a  center-line  brattice  in  addition  to  the  blower  fan  and  the 
hazard  of  open-ended  pillar  extraction  was  added.  The  face  con¬ 
veyors  were  not  used  until  the  pillars  were  ready  to  come  back,  but 
then  two  face  conveyors  discharged  directly  into  one  main  conveyor. 
The  advantage  of  this  apparent  concentration  was  counterbalanced 
however  by  the  narrow  work  necessary  in  driving  in  advance  the  15- 
foot  room,  and,  since  we  drove  the  next  narrow  room  while  the  pre¬ 
vious  pillars  were  being  extracted,  we  had  congestion  on  our  haulage¬ 
way,  as  we  had  in  the  same  entry  two  loading  points  95  feet  from 
center  to  center. 

In  working  out  the  old  portions  of  the  mine  when  pillars  alone 
remain,  we  ffnd  it  advantageous  to  use  a  combination  of  two  light 
intermediate  conveyors,  one  of  which  is  equipped  with  a  loading  boom. 

In  all  of  our  working  places  we  make  use  of  blowers  and  “ven- 
tubes”  to  speed  the  work,  and  room  hoists  and  retarders  for  the 
handling  of  cars.  Where  the  grades  permit,  we  use  the  car  retarders 
to  good  advantage.  The  drilling  is  done  entirely  with  light  electric 
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drills.  Cutting  and  loading  are  entirely  on  a  tonnage  basis.  Each 
particular  move  or  change  in  set-up  has  its  specified  price  and  a  stand¬ 
ard  set-up  is  required  in  all  cases.  Experience  has  taught  us  that  we 
can  not  successfully  work  three  eight-hour  shifts  a  day,  as  a  little 
time  is  necessary  for  proper  inspection  and  maintenance.  Further¬ 
more  it  is  oftentimes  necessary  for  a  crew  to  work  past  the  eight- 
hour  time  to  finish  a  cut.  We  find  it  very  desirable  to  encourage  com¬ 
petition  among  the  crews.  We  do  this  by  daily  posting  of  the  daily 
tonnage  and  the  tonnage  to  date,  making  special  mention  of  the  win¬ 
ners  in  our  Company  publication. 

In  conclusion,  let  me  add,  that  we  have  found  that  after  the 
proper  equipment  has  been  purchased,  the  next  most  important  factor 
in  successful  conveyor  mining  is  the  right  spirit  of  co-operation  devel¬ 
oped  among  the  men. 


DISCUSSION 

L.  E.  Young:*  We  all  appreciate  this  splendid  paper.  Are 
there  any  questions  you  would  like  to  ask  Mr.  Schnerr  at  this  time? 

May  I  ask  how  long  you  have  been  using  this  equipment? 

L.  H.  Schnerr:  We  started  a  year  ago  last  June  with  this 
equipment.  Of  course,  we  have  added  a  number  of  conveyor  units 
to  the  original  equipment. 

L.  E.  Young:  How  much  timbering  is  necessary  in  that  wrnrk? 

L.  H.  Schnerr:  Our  timber  standards  require  us  to  set  a 
row  of  posts  every  three  feet  along  the  room  four  feet  apart  across 
the  room. 

F.  B.  Dunbar  :t  Speaking  of  double  entry  driving  with  two 
conveyors,  I  assume  he  uses  two  machines,  though  he  did  not  men¬ 
tion  this  point.  One  machine  will  not  do  as  it  can  not  be  moved  into 
the  second  entry.  In  bringing  back  the  25-foot  or  30-foot  stump,  the 
pillar  is  worked  at  a  right  angle  while  the  stump  comes  back  at  about 

•Vice-President,  Pittsburgh  Coal  Co.,  Pittsburgh. 

tGeneral  Superintendent,  Mather  Collieries,  Mather,  Pa. 
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a  45-degree  angle.  With  a  25-toot  pillar  by  bringing  it  out  on  a 
45-degree  angle  it  is  possible  to  get  the  same  tonnage  as  they  get 
while  driving  the  room.  The  cycle  on  retreat  is,  therefore,  the  same 
as  on  advance,  as  far  as  tonnage  is  concerned. 

L.  E.  Young:  A  topic  not  on  the  program  is  suggested — the 
moving  of  supplies  to  the  face.  T  his  was  touched  on  in  one  of  the 
papers,  as  well  as  the  moving  from  one  room  to  another.  Possibly 
some  of  the  gentlemen  who  are  familiar  with  this  phase  of  the  work 
will  tell  us  briefly  how  they  accomplish  the  actual  movement  of  the 
conveyor  after  one  room  is  finished  and  set  it  up  in  the  next  room. 
Do  you  have  spare  equipment  or  do  you  have  to  take  the  equipment 
from  room  to  room  ? 

F.  B.  Dunbar:  I  think  I  can  answer  that.  The  conveyors  of 
the  heavy  type  are  about  250  feet  in  length  and  there  are  a  number 
of  types  of  face  conveyors.  It  takes  about  ten  minutes  to  put  on  a 
six-foot  section.  As  the  pillar  retreats,  the  sections  are  taken  off  and 
loaded  on  the  conveyor  and  taken  down  to  the  mouth  of  the  room. 
When  they  get  ready  to  move  to  the  next  set-up,  the  driving  mech¬ 
anism  is  moved  down  to  the  next  room,  where  a  hole  has  been  pre¬ 
pared.  The  conveyor  crew  make  the  move  and  set  up  the  equipment 
on  the  off  shift  and  have  it  ready  for  the  next  day.  In  beginning  our 
experiment  it  would  take  two  to  three  shifts  to  make  the  set-up,  hut 
by  improving  the  equipment  and  method  the  men  are  now  able  to  move 
and  make  the  set-up  in  from  six  to  twelve  hours,  depending  on  the 
size  of  the  equipment. 

In  entry  work  the  conveyors  are  about  200  feet  long  and  an 
auxiliary  conveyor  80  feet  long  is  used  in  driving  the  break  throughs. 
In  room  work  the  conveyors  are  250  to  500  feet  long.  The  men  are 
paid  on  a  base  rate,  and  paid  the  peak-day  rate  for  moving  the 
*  equipment. 


USE  OF  FACE  CONVEYORS  IN  WIDE  ROOMS* 

By  E.  A.  SiemonI 

This  subject  is  one  about  which  much  can  be  said.  However, 
when  Dr.  Young  asked  me  to  prepare  this  paper  he  told  me  that  this 
meeting  was  to  consist  of  short  talks  of  approximately  ten  minutes 
each.  In  that  period  of  time  I  shall  endeavor  to  give  you  a  brief 
description  of  the  equipment  and  methods  in  use  at  the  Jerome  mine 
of  the  Hillman  Coal  &  Coke  Company.  It  is  at  this  mine  that  I 
have  had  all  of  my  experience  with  conveyors. 

This  mine  wTorks  the  Upper  Kittanning  coal.  The  seam  dips 
from  the  south  to  the  north  anywhere  from  one  to  nine  per  cent. 
The  coal  varies  in  thickness  from  40  to  60  inches,  having  at  the  top 
from  six  to  15  inches  in  thickness  of  a  bone  coal,  which  is  gobbed. 
The  overburden  varies  from  80  feet  to  more  than  500  feet. 

The  flat  entries  are  driven  east  or  west  60  feet  from  center  to 
center,  and  about  1800  feet  apart.  Butt  or  room  entries,  60  feet  from 
center  to  center  are  driven  to  the  rise  off  the  flat  entries,  250  feet 
apart.  Rooms  are  driven  slightly  to  the  rise  off  one  entry  only. 

Fig.  1  shows  the  method  of  advancing  entries,  with  location  of 
break  throughs  for  economical  haulage. 

I  shall  describe  as  briefly  as  possible  the  method  of  driving  en¬ 
tries  with  conveyors,  for  we  make  our  side-tracks  as  the  entries  are 
being  driven.  The  first  distance  of  15  feet  is  taken  out  of  the  butt 
entries  by  hand  loading.  A  conveyor  is  then  set  up  at  the  point 
marked  “A.”  This  entry  is  advanced  a  distance  of  138  feet  to  the 
point  “B”;  the  cross-cut  is  turned  at  a  distance  of  125  feet  at  an 
angle  of  approximately  45  degrees  and  driven  with  a  cross-cut  con¬ 
veyor  far  enough  so  that  the  other  entry  will  cut  into  it  as  it  is  ad¬ 
vanced.  The  main  conveyor  is  then  moved  and  set  up  at  the  point 
“C.”  This  entry  is  then  driven  a  distance  of  263  feet  to  the  point 
“D.”  A  cross-cut  is  driven  at  a  distance  of  250  feet  at  an  angle  of 
45  degrees.  While  this  section  of  entry  is  being  advanced,  a  track 
is  laid  in  the  first  entry  driven  and  through  the  cross-cut.  The  con¬ 
veyor  is  again  moved  and  set  up  at  the  location  “B.”  This  entry  is 
advanced  263  feet,  turning  a  break  through  at  a  distance  of  250 
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feet  from  the  first  break  through  driven.  The  process  of  moving 
the  conveyor  from  one  entry  to  the  other  is  continued  until  the 
entries  are  driven  up  the  proper  distance.  Rooms  are  necked  off  one 
entry  as  the  entries  are  being  advanced. 

Fig.  2  shows  room  and  pillar  work  with  conveyors;  also  the 
side-track  for  rapid  changing  of  cars. 

Only  one  room  is  worked  on  a  butt  entry  at  a  time.  It  has 
been  our  experience  that  one  room  worked  with  a  conveyor  will  give 
us  as  much  coal  as  we  would  get  from  the  same  entry  with  the  proper 
number  of  rooms  worked  by  hand. 

Rooms  are  opened  off  the  entry  14  feet  wide,  and  60  feet  from 
center  to  center.  They  are  driven  this  width  for  a  distance  of  18 
feet  and  are  then  gradually  widened,  reaching  a  width  of  35  feet 
at  a  distance  of  30  feet  from  the  entry.  The  rib  left  between  rooms 
is  25  feet  thick;  break  throughs  are  driven  at  intervals  of  100  feet. 
x4bout  two  feet  of  top  is  taken  down  on  the  butt  entry  at  the  room 
neck  so  as  to  give  height  at  the  loading  point. 

The  main  conveyor  consists  of  a  loading  boom  which  is  built  in 
the  shape  of  a  gooseneck  to  which  is  attached  the  main  conveyor — 
which  is  made  up  of  six-foot  sections  of  steel  troughs,  or  pans  as  we 
call  them — and  the  chain,  which  is  of  the  double-chain  type  with 
steel  flights  spaced  about  24  inches  apart  connecting  the  two  chains. 
As  the  room  is  advanced,  sections  are  added  to  the  main  conveyor. 

The  main  conveyor  is  located  from  six  to  eight  feet  from  the 
straight  rib  or  side  of  the  room,  leaving  from  27  to  29  feet  from  the 
center  of  the  main  conveyor  to  the  far  side  of  the  room.  An  auxil¬ 
iary  or  face  conveyor  is  used  to  convey  the  coal  from  the  far  side 
of  the  room  to  the  main  conveyor.  We  are  at  the  present  time  using 
three  different  types  of  face  conveyors,  as  follows: 

1.  A  belt  conveyor  12  feet  long,  driven  by  a  motor  of  one 
horse-power. 

2.  A  double-chain  conveyor  12  feet  long,  driven  by  a  motor 
of  one  horse-power. 

A  double-chain  conveyor  22  feet  long  made  up  of  two  10-foot 
sections  and  a  tail  section  two  feet  long.  This  type  of  con¬ 
veyor  is  driven  by  a  motor  of  two  horse-power. 
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When  the  12-foot  conveyors  are  used  at  the  face,  two  are  nec¬ 
essary,  one  discharging  onto  the  other,  and  finally  onto  the  main 
conveyor.  The  motors  are  so  located  on  the  conveyors  that  they 
can  be  used  on  either  the  right  or  left  side  of  the  main  conveyor. 

On  conveyors  in  wide  room  work,  we  use  a  crew  of  five  men, 
one  of  whom  is  a  machine  operator.  One  man  works  on  the  butt 
entry  at  the  loading  point,  operates  the  main  conveyor,  moves  the 
cars  and  sees  that  they  are  properly  loaded  ;  the  other  four  men  work 
at  the  face,  doing  the  cutting,  drilling,  blasting,  loading,  timbering, 
extending  the  main  conveyor,  and  moving  the  face  conveyors. 

The  cutting  is  from  right  to  left.  The  machine  cuttings  are 
loaded  onto  the  face  conveyors  and  main  conveyor  as  the  face  is 
being  undercut.  Two  men  do  the  drilling,  while  the  other  two  are 
doing  the  undercutting.  Five  holes  are  used  in  a  35-foot  room.  The 
rib  holes  are  located  about  18  inches  from  the  rib;  the  others  are 
spaced  eight  feet  apart. 

After  the  face  has  been  undercut,  the  mining  machine  is  moved 
back  to  the  right-hand  side  of  the  room  and  back  along  the  side  of 
the  main  conveyor  out  of  the  way.  The  main  conveyor  is  extended 
and  the  face  conveyors  are  moved  into  position  along  the  face.  A 
row  of  posts  is  set  back  of  the  face  conveyor  and  a  row  of  posts  is  also 
set  between  the  face  conveyors  and  the  face  of  the  coal  to  protect 
the  face  conveyors  against  coal  rolling  from  the  face  when  the  coal 
is  shot. 

All  the  holes  are  loaded,  a  tight  shot  is  fired  first,  and  then  the 
other  four  holes  are  fired  at  the  same  time.  Loading  is  started  at 
the  right-hand  side  of  the  room.  As  soon  as  a  sufficient  amount  of 
coal  has  been  loaded  out  to  permit  the  machine  to  move  in,  cutting 
is  again  started.  With  reasonably  good  conditions,  three  cuts  can 
be  loaded  out  in  an  eight-hour  shift ;  however,  this  is  more  than  the 
average. 

You  will  note  from  this  drawing  that  we  drive  our  rooms 
through  the  chain  pillar.  Ribs  are  drawn  open  ended,  using  face 
conveyors  to  convey  the  coal  from  the  rib  onto  the  main  conveyor. 
Two  or  three  cuts  are  taken  off  the  rib  in  one  shift.  With  the  rapid 
extraction  we  get  with  conveyors,  we  have  found  the  roof  action 
to  be  very  much  different  from  that  which  we  get  with  hand  load- 


1930] 


SI  EM  ON — FACE  CONVEYORS 


101 


ing.  We  find  that  we  get  very  little  weight  on  the  rib  and  have 
very  little,  if  any,  crushed  coal  in  our  conveyor  sections. 

I  want  to  explain  briefly  our  loading  and  haulage  system.  A 
trip  of  ten  or  fifteen  cars  is  pushed  by  the  locomotive  up  the  entry 
past  the  loading  point.  The  cars  are  moved  past  the  loading  point 
by  gravity  if  the  grade  is  favorable;  if  the  grade  is  not  favorable  a 
small  hoist  is  used  to  move  the  cars.  The  movement  of  the  cars 
is  controlled  by  the  man  who  is  located  on  the  entry  at  the  loading 
point.  When  the  locomotive  brings  a  trip  of  empty  cars,  they  are 
left  standing  on  the  straight  track  on  that  section  marked  “empty 
cars.”  The  locomotive  is  cut  off  and  runs  up  the  entry  to  the  loaded 
trip;  then  pulls  the  loaded  trip  down  the  entry  onto  the  side-track 
marked  “loaded  cars.”  The  locomotive  is  then  cut  off  the  loaded 
trip  and  runs  out  on  the  straight  track  behind  the  empty  cars.  The 
empty  cars  are  then  pushed  up  the  entry  past  the  loading  point. 
The  locomotive  then  comes  back  to  the  loaded  trip  and  takes  it  to 
the  main  side-track. 

There  are  numerous  advantages  in  conveyor  mining  over  hand 
loading,  especially  in  the  low  seams,  the  principal  advantage,  of 
course,  being  economy.  With  conveyor  mining,  no  switches  are  laid 
in  butt-entry  track,  no  track  is  laid  in  the  rooms,  it  is  not  necessary 
to  take  down  top  or  take  up  bottom  in  the  rooms  to  make  height, 
haulage  costs  are  reduced  approximately  60  per  cent.,  the  same  pro¬ 
duction  is  obtained  from  a  very  much  smaller  territory  than  is  pos¬ 
sible  with  hand  loading  methods,  production  per  man  is  increased 
at  least  50  per  cent.,  accidents  are  reduced,  and  on  account  of  the 
increase  in  production  per  man  a  smaller  investment  is  necessary 
for  the  same  production  than  would  be  necessary  if  the  production 
were  loaded  entirely  by  hand ;  however,  this  latter  saving  would  be 
partly  offset  by  the  increased  investment  in  equipment. 

Our  conveyor  experience  covers  a  period  of  approximately  3 
years.  The  first  conveyor  was  installed  in  the  spring  of  1926;  at  the 
end  of  that  year  we  had  three  conveyors  in  service  and  produced 
with  conveyors  in  that  year  30,000  tons  of  coal.  By  the  end  of  1927, 
nine  conveyors  were  in  service,  and  106,000  tons  of  conveyor  coal 
were  produced  in  that  year.  In  the  year  1928,  with  18  conveyors 
in  operation,  181,000  tons  of  conveyor  coal  were  produced.  We 
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now  have  21  conveyors  in  operation,  and  to  November  1,  1929,  have 
produced  194,000  tons  of  conveyor  coal,  and  unless  something  un¬ 
foreseen  happens  we  should  produce  about  240,000  tons  of  coal  this 
year  with  conveyors.  During  the  month  of  September  this  year  the 
average  production  per  shift  was  64.4  tons  with  room  conveyors, 
and  34  tons  with  entry  conveyors. 

We  keep  a  detailed  record  of  all  our  accidents  and  in  closing 
I  wish  to  give  you  some  comparative  figures  showing  the  accident 
rate  with  conveyor  mining  as  compared  with  hand  loading.  In  the 
year  1928  we  produced  12,929  tons  per  accident  by  conveyor  min¬ 
ing,  as  compared  with  4313  tons  per  accident  by  hand  loading.  For 
the  first  six  months  of  this  year  our  production  by  conveyors  per 
accident  was  18,128  tons,  compared  with  5945  tons  per  accident  by 
hand  loading. 


HAM)  LOADING  IN  WING  ROOMS* 
By  H.  M.  White+ 


No  doubt  there  are  those  present  who  wonder  what  is  meant 
by  “wing  rooms’’  as  applied  to  mining.  It  would  be  of  no  avail  to 
turn  to  the  glossary  of  any  text-book  on  mining,  as  this  term  is 
solely  a  local  one  or  one  coined  to  fit  a  special  case.  W  ho  first 
began  to  use  the  term  we  know  not  but  we  know  how  it  happened. 
About  two  years  ago  in  our  efforts  to  concentrate  our  working  places 
and  our  working  forces,  we  changed  methods  in  a  few  places  in  one 
of  our  mines,  where  room-and-pillar  methods  were  then  in  use. 

We  kept  the  straight  place  in  the  room  a  narrow  place,  about 
10  feet  wide,  and  followed  up  just  a  few  feet  behind  with  side 
cuts  on  both  sides.  These  side  cuts  were  wide  places  and  were  worked 
with  open  ends,  which  is  a  term  well  known  to  all  coal-mining  men. 
In  this  way  we  had  three  separate  working  places  in  each  room,  one 
man  in  each  place,  and  each  man  loading  into  his  own  pit  car.  The 
significance  of  this  is  plain  to  us  all.  These  side  cuts  some  one  termed 
as  “wings’’  or  "wing”  cuts  of  this  narrow  or  leading  place.  A  little 
later  the  method  of  working  these  rooms  was  changed,  but  it  estab¬ 
lished  the  expression  “wing  rooms.” 

By  this  method  the  coal  is  all  taken  out  while  the  rooms  are 
advancing.  The  face  worked  on  has  a  total  width  of  32  feet  and 
only  five  feet  is  left  between  adjoining  rooms.  This  being  true,  such 
workings  are  necessarily  limited  to  light  covers  or  thin  overburdens. 
However,  we  have  worked  and  are  working  such  rooms  where  the 
overburden  is  150  feet. 

With  this  word  of  explanation  relative  to  the  meaning  of  “wing 
rooms”  and  where  and  how  we  worked  them,  let  us  consider  briefly 
why  we  used  them. 

One  of  our  problems  at  that  time  was  the  frequent  failure  to 
place  two  coal  loaders  in  one  working  place  and  have  them  work  in 
harmony.  We  needed  this  to  “bunch  up”  our  workings  and  work¬ 
men.  How  well  we  succeeded  in  this  you  may  determine  from  this 
example — in  one  butt  entry  where  we  ordinarily  worked  seven  rooms, 
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with  one  man  to  each  room,  we  placed  14  men  and  each  loader  had 
his  own  pit  car.  Here  a  50  per  cent,  concentration  was  possible. 

The  supervision,  necessary  for  this  kind  of  work,  is  helped  pro¬ 
portionately.  The  foreman  over  this  work  has  his  men  closer  to  him, 
sees  them  more  often,  and  has  more  men  under  his  charge,  and  we 
all  know  what  that  means. 

Our  workmen  realize  that  they  can  help  each  other  in  many 
ways,  as  in  laying  track,  landing  empty  cars  in  the  working  places, 
rerailing  cars,  and  handling  heavy  pieces  of  coal  and  slate. 

Timber,  track  and  track  supplies,  pipe,  etc.,  all  have  a  quick 
turnover,  due  to  rooms  advancing  faster  with  no  pillars  to  come  out 
on  retreat. 

The  one  “wing”  of  these  rooms,  which  has  an  open  end,  we  be¬ 
lieve  furnishes  more  lumps  which  will  bear  handling,  as  the  blasting 
is  reduced  about  one-half. 

The  gathering  haulage  was  done  both  mechanically  and  with 
animals.  Where  grades  would  permit  both  cars  were  brought  out 
of  the  room  at  the  same  time  by  mules,  and  from  this  we  realized 
in  a  large  way  as  some  of  our  gathering  locomotives  daily  hauled  225 
of  the  1 24-ton  cars. 

Our  undercutting  machines  had  a  32-foot  face  to  work  on  in¬ 
stead  of  24  feet  as  is  customary  in  the  ordinary  rooms.  The  machine 
produced  about  10  tons  more  coal  per  cut  in  each  room. 

Much  changing  of  men  was  required  at  first  in  order  to  estab¬ 
lish  in  one  of  these  “wing  rooms”  two  men  who  were  about  the  same 
efficiency  as  loaders  and  who  worked  well  together.  This  was  needed 
so  that  the  two  cars  would  be  loaded  at  the  same  time  and  thus  main¬ 
tain  our  haulage  methods.  Our  loaders  produced  for  us  something 
more  than  nine  tons  a  day  as  compared  with  l]/2  tons  for  those  in  our 
other  rooms. 

We  have  given  you  in  a  general  way  some  of  the  advantages 
presented  by  the  use  of  “wing  rooms.”  Of  course  there  are  disad¬ 
vantages  also — disadvantages  in  the  nature  of  limited  areas  where 
they  can  be  worked  and  in  the  greater  amount  of  timber  required  for 
roof  supports — but  despite  the  difficulties  encountered,  the  method 
may  be  recommended. 
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DISCUSSION 

L.  O.  Lougee:*  Under  this  syetem  do  you  draw  the  ribs  or 
do  they  leave  them  in  ? 

H.  M.  White:  These  ribs  are  very  small  and  they  are  left. 

L.  O.  Lougee:  How  thick  are  they? 

H.  M.  White:  They  are  laid  out  five  feet.  They  will  not 
average  five  feet  because  they  are  cut  out  some. 

L.  E.  Young  :t  As  you  know,  the  coal-mining  industry  and  the 
engineering  profession  were  honored  bv  the  election  to  the  presidency 
of  the  American  Institute  of  Mining  and  Metallurgical  Engineers 
of  one  of  our  own  very  esteemed  Pittsburgh  gentlemen,  who  is  with  us 
to-day.  This  discussion  would  not  be  complete  without  a  few  words 
from  Mr.  Samuel  A.  Taylor. 

S.  A.  Taylor  :t  Mr.  Chairman,  I  was  very  much  interested  in 
the  paper  on  “wing  rooms”  and  also  in  noting  the  high  efficiency  of  re¬ 
covery,  and  that  it  could  be  operated  under  cover  of  about  100  to 
125  feet. 

Some  years  ago  I  had  an  operation  where  some  changes  were 
made  in  the  mining  operations.  The  maximum  cover  was  about  150 
feet,  but  generally  it  was  under  100  feet.  I  used  a  scheme  there  that 
was  very  efficient.  It  possibly  had  some  advantages  as  compared  with 
this  method.  We  reduced  the  room  space  to  33  feet  from  center  to 
center,  with  rooms  25  feet  wide,  leaving  ribs  of  seven  feet.  We  used 
three  rows  of  posts.  The  road  posts  were  kept  about  10  feet  from 
the  ribs  and  this  space  was  kept  clean  along  the  rib  side.  As  soon  as 
we  got  up  to  the  length  of  rooms  of  about  225  feet,  we  came  back 
with  the  rib  drawing  at  once.  The  rib  being  seven  feet,  cutter-bars 
were  six  feet,  and  that  left  a  little  triangle  about  one  foot  wide, 
which  when  the  rib  was  cut  was  just  sufficient  to  keep  up  the  gob 
in  the  adjoining  room.  In  doing  the  rib  drawing,  we  cut  30  to  35 

*Civil  and  Mining  Engineer.  George  S.  Raton  &  Co.,  Pittsburgh. 

tVice-President,  Pittsburgh  Coal  Co.,  Pittsburgh. 

JConsulting  Engineer,  Pittsburgh. 
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feet  of  the  rib  at  each  operation.  Two  men  would  be  put  on  this 
rib  loading  and  they  would  load  it  all  out  in  a  day.  In  that  way  we 
drew  out  ribs  back  to  the  entry  quite  quickly  and  got  practically 
all  the  coal. 

It  had  a  disadvantage,  compared  with  the  wing-wall  method, 
of  having  an  additional  set  of  posts,  yet  the  drawing  of  the  posts 
would  be  practically  the  same  in  the  end,  because  we  drew7  out  one 
rowT  of  posts  along  the  road.  The  disadvantage  w7as  that  you  could 
not  alw'ays  load  tw7o  w'agons.  Coming  back,  we  often  put  in  three 
wagons  in  loading  out  the  cut.  I  believe  it  is  w~ell  w7orth  trying.  We 
had  very  good  success  w7ith  it.  It,  of  course,  has  not  the  advantage 
of  wings  going  forward,  but  coming  back  it  has  the  advantage  of 
getting  all  the  coal  and  getting  it  out  cleanly  and  rapidly. 

1  give  you  this  for  wrhat  it  is  wmrth.  We  wTere  wrorking  under 
a  cover  of  practically  150  feet.  The  little  triangle  is  just  sufficient 
to  keep  up  the  gob  from  dropping  in  from  the  other  side.  If  you 
get  out  all  your  road  posts,  the  roof  will  break  right  over  the  end  of 
the  rib.  We  got  nearly  all  our  posts ;  only  a  very  few  wTere  lost. 


USE  OF  LOADING  MACHINES  IN  THE 
BLOCK  SYSTEM* 

By  Jerome  C.  White+ 

In  planning  for  the  use  of  machines  to  load  coal  from  the  Pitts¬ 
burgh  seam,  after  the  type  of  loading  machine  has  been  decided  upon, 
the  next  problem  is,  what  mining  method  shall  be  used  ?  Does  the 
loading  machine  require  anything  different  from  the  room-and-pillar 
method  standard  to  the  Pittsburgh  district?  The  answer  to  these 
questions  is  a  review  of  what  the  loading  machines  require  of  a  min¬ 
ing  system. 

The  requirements  that  mechanical  loading  imposes  on  a  system 
of  mining  are : 

1.  Concentration.  Moving  distances  from  place  to  place  must 
be  kept  at  a  minimum.  This  means  as  many  places  as  possible 
closely  grouped  together. 

2.  Economical  trackage  lay-out  so  that  the  time  required  for  car 
changes  will  be  kept  as  small  as  possible. 

3.  Good  roof  conditions  in  pillar  extraction  so  as  to  maintain 
a  uniform  tonnage  economically  and  under  safe  working  con¬ 
ditions.  Maximum  recovery  of  coal  per  acre  must  not  be 
sacrificed. 

4.  Moderate  track  costs.  It  was  decided  that  the  coal  was  to 
be  top  cut  to  secure  and  maintain  good  roof,  and  sheared  to 
obtain  good  preparation  for  the  loading  machines  and  lump 
coal  for  the  market.  This  meant  that  track  cutting  machines 
would  be  used  and  that  track  would  have  to  be  laid  to  the 
face  of  every  working  place.  Track  costs,  therefore,  had  to 
be  considered. 

The  block  system  lay-out,  as  will  be  described  in  detail  later, 
seemed  to  answer  the  above  requirements  as  the  following  features 
show : 

1.  Large  pillars  of  90  to  100  feet  square  upon  which  to  retreat, 
and  incidentally  serve  as  adequate  support. 

*Presented  November  26,  1929.  Received  for  publication  March  17.  19.10. 

IProduction  Engineer,  Pittsburgh  Coal  Co.,  Pittsburgh. 
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2.  Extreme  flexibility  to  meet  any  roof  conditions  set  up  as  a 
result  of  retreat  work  along  the  rib  or  fracture  line. 

3.  As  track  is  to  be  laid  to  the  faces  of  all  places  the  large  pil¬ 
lars  give  the  maximum  tons  per  room  and  cross-cut  turnout. 

As  regards  track  work,  when  the  development  is  carefully  sched¬ 
uled  to  balance  retreat,  the  amount  of  track  in  use  can  be  kept  to  a 
minimum.  In  using  this  method  of  mining,  the  percentage  of  advance 
work  is  approximately  30  per  cent.,  and  the  retreat  work  is  approxi¬ 
mately  70  per  cent.  These  figures  may  vary  at  different  times  in 
practice. 

The  initial  installation  of  loading  machines  was  made  in  this 
system  of  mining  which  provides  the  advantages  of  short  rooms,  in¬ 
creased  concentration,  and  such  security  as  is  obtained  in  working 
narrow  places  in  solid  coal.  It  is  in  retreat  work  along  the  break 
lines  that  the  large  percentage  of  solid  coal  proves  decidedly  advan¬ 
tageous.  This  is  particularly  true  when  a  comparatively  large  num¬ 
ber  of  places  within  a  limited  area  must  be  provided  for  the  loading 
machines. 

Over  the  section  now  being  mined  mechanically  the  cover  is 
about  500  feet,  and  varies  elsewhere  from  200  to  550  feet.  The  seam, 
which  is  from  six  to  eight  feet  thick,  is  of  a  friable  nature  and  tends 
to  spall.  As  it  is  overlaid  with  draw  slate  which  can  not  be  held  in 
place  by  ordinary  means  of  support,  it  is  held  up  by  10  to  12  inches 
of  top  coal.  Above  the  draw  slate  is  a  fairly  good  roof,  while  the 
bottom  is  of  moderately  hard  fire-clay. 

A  lay-out  of  the  system  is  shown  in  Fig.  1,  which  represents 
several  sections  in  different  stages  of  development.  All  places  are 
driven  12  feet  wide.  Butt  entries  are  driven  to  the  boundary;  and 
from  these  entries,  retreating  rooms  are  turned,  spaced  90  feet  from 
center  to  center  (this  is  varied  from  90  to  120  feet)  and  driven  to 
a  length  of  340  feet.  Cross-cuts  are  made  at  intervals  of  100  feet. 
As  soon  as  a  room  has  been  driven  to  its  full  length,  the  extraction 
of  the  blocks  mated  to  it  (extending  through  three  or  four  other  butt 
entries  on  the  same  fracture  line)  is  started  in  orderly  sequence  along 
a  break  line  intersecting  the  line  of  entries  at  an  angle  of  45  degrees. 
Two  batteries  of  two  loading  machines  each  work  as  a  unit  in  this 


section. 
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The  method  of  working  individual  blocks  is  indicated  in  Fig.  2 
which  shows  the  various  starting  places. 

No.  1  place  can  be  started  either  in  the  cross-cut  or  on  the  straight 
side  of  the  block.  This  should  be  determined  by  whether  the  thin 
ribs  will  stand  best  on  the  face  or  on  the  butt.  This  is  a  distinct 


This  block  shows  cuts  which  average  S'h'  in 
I  depth..  This  approximates  the  actual  results 
v  .with,  the  present  length  cutter  bars.  With  8‘ 
\  i  tars,  3  days  are  gained  on  first  cutover 
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Fig.  2.  Method  of  Working  90-Foot  Blocks. 


factor  in  some  sections  and  advantage  should  be  taken  of  it  wherever 
such  a  condition  is  encountered.  Getting  the  first  cut-over  through, 
without  having  the  head  coal  drop,  must  be  the  objective  in  starting 
every  new  block.  After  the  first  cut-over  is  through  and  started  back, 
the  critical  point  of  working  out  that  block  has  been  passed  as  each 
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succeeding  cut-over  becomes  shorter  than  the  preceding  one.  No 
trouble  will  be  experienced  on  the  first  cut-over,  provided  the  rib  is 
held  to  the  proper  thickness;  the  shot  holes  next  to  the  solid  arc 
fired  first ;  the  cut-over  advances  one  cut  every  day ;  the  top  coal  is 
not  powder  cut;  and  the  posting  is  kept  up  properly.  Clay  veins  and 
“horsebacks”  in  the  roof  may  cause  trouble  when  encountered  but 
this  is  true  of  any  system  of  mining. 

No.  2  pi  ace  should  be  started  at  such  a  time  that  No.  1  cut¬ 
over  will  have  at  least  one  cut  out  of  the  wing  when  No.  2  cuts 
through. 

No.  3  pi  ace  should  start  so  that  one  cut  will  be  out  of  No.  2 
rib  when  it  cuts  through. 

No.  4  place  should  be  started  so  that  one  cut  has  been  taken  out 
of  No.  3  rib  when  it  cuts  through. 

This  will  make  four  places  started  on  the  block  in  13  days.  By 
the  sketch  it  can  be  seen  that  it  is  possible  to  have  five  places  for  a 
short  period  of  time,  but  probably  the  better  plan,  and  the  one  easier 
of  attainment,  is  to  keep  four  places  ready  in  each  block.  In  this  case, 
as  soon  as  No.  1  finishes,  No.  5  may  be  started. 

One  day’s  time  can  be  gained  in  No.  1  cut  through  by  taking 
out  cuts  13  and  14  on  the  same  day.  This  can  be  done  on  each  cut¬ 
over  where  it  is  desired  to  gain  a  day. 

When  No.  2  finishes  on  the  eighteenth  day,  the  block  will  lose 
one  machine  place  for  two  days.  During  this  time,  take  the  first  two 
cuts  out  of  the  next  block  in  line  so  that  the  turn  can  be  laid  without 
hindering  the  loader  in  this  place  later  on.  On  the  twenty-first  day, 
No.  6  is  cut  through  on  the  first  block. 

The  second  block  should  be  started  on  the  twenty-second  day 
after  completing  No.  4  cut-over.  From  this  time  on,  places  will  be 
started  in  the  second  block  as  on  the  preceding  block. 

Much  flexibility  can  be  obtained  with  these  blocks.  The  prin¬ 
cipal  thing  in  working  them  is  to  keep  the  cut-overs  about  seven  or 
eight  working  days  behind  each  other. 

The  shaded  areas  on  the  sketch  are  pick  stumps.  Stumps  should 
never  be  larger  than  can  be  recovered  by  a  pickman  in  one  day.  Pick 
w-ork  must  be  kept  to  a  minimum  as  it  will  slow  down  the  entire  rib 
line  and  reduce  production  if  allowed  to  accumulate. 


202 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA. 


[June 


As  the  rooms  advance,  cross-cuts  are  turned  and  a  switch  laid 
in  each  cross-cut.  M  his  gives  the  loading  machine  a  face  place  and 
a  butt  place  for  every  room.  The  locomotive  serving  the  loading 
machine  holds  on  to  the  empties  and  places  the  loads  in  the  cross-cut. 
1'his  means  that  the  time  required  for  car  changes  is  kept  low  as  the 
traveling  distance  is  not  more  than  100  feet.  In  retreat  work  the  cut¬ 
overs  are  not  more  than  100  feet  long,  and  vary  from  20  to  30  feet 
from  center  to  center.  The  number  of  cut-overs  with  their  respective 
pillars  ranges  from  two  to  five  to  a  room.  This  number  of  loading 
places  near  together  provides  short  moving  distances  for  loading  ma¬ 
chines  and  for  locomotives  in  making  car  changes.  The  lengths  of 
these  cut-overs  with  their  retreating  rib  is  such  that  costs  are  reason¬ 
able  ;  that  is,  they  come  within  standards  of  what  track  costs  should  be. 

Top  cutting  is  primarily  intended  to  facilitate  the  holding  of  top 
coal  and  to  preserve,  by  protecting  the  roof  against  shattering  blows, 
whatever  self-sustaining  powers  it  may  have.  This  top  coal  is  very 
tender,  however,  and  this  presents  another  condition — roof  control 
along  the  rib  line  must  be  as  nearly  perfect  as  possible  to  keep  pres¬ 
sure  off  the  roof,  as  the  top  coal  will  blister  and  fall  with  the  slightest 
weight  and  the  overlying  draw  slate  will  come  with  it.  This  is  one 
of  the  reasons  that  flexibility  was  cited  as  a  requisite  of  a  system  of 
mining  in  the  early  part  of  this  paper.  Flexibility  is  required  so  that 
in  case  any  pressure  is  evident  the  number  of  working  places  can  be 
adjusted  until  the  pressure  is  brought  under  control. 

As  approximately  70  per  cent,  of  block  system  mining  is  retreat 
work,  and  as  this  top  coal  roof  is  very  tender,  it  is  absolutely  neces¬ 
sary  that  good,  deary  breaks  be  made  so  that  no  pressure  whatever 
will  ride  over  the  fracture  line  to  the  open  working  places  previously 
developed.  Just  as  few  places  as  possible  must,  therefore,  be  opened 
in  advance  of  being  retreated ;  yet  it  is  necessary  to  provide  the  maxi¬ 
mum  number  of  open  places,  either  advance  or  retreat,  if  the  loading 
machines  are  to  be  assured  of  a  uniform  standard  tonnage. 

The  most  critical  time  in  the  development  of  a  large  retreat  line 
is  just  before  the  major  break  occurs.  While  the  new  retreat  line  is 
moving  back  and  only  the  immediate  overlying  strata  have  fallen, 
the  higher,  heavier,  and  stronger  overlying  strata  seem  to  want  to 
bend  and  ride  back  over  the  break  line  and  onto  the  already  opened 
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producing  area.  I'his  phenomenon  has  been  described  by  such  engineers 
as  R.  Dawson  Hall,  H.  F.  McCullough,  and  R.  Y.  Williams,  and, 
of  course,  many  others.  Reyond  this  mention  of  it  I  shall  spend  no 
more  time  on  this  subject  as  its  causes  are  a  matter  of  controversy. 
Each  of  these  men  discusses  the  subject  of  support  along  the  fracture 
line  as  to  whether  it  should  be  rigid  or  yielding.  The  point  I  want 
to  bring  out,  however,  is  that  the  large  block  of  solid  coal  along  the 
rib  line  affords  an  almost  perfect  rigid  support  over  which  the  over- 
lying  strata  are  broken  cleanly  and  with  a  minimum  of  bending. 

During  the  early  stages  of  the  retreat  line  made  by  the  block 
system  being  described,  the  above  point  was  recognized,  and  we  were 
very  cautious  until  we  were  sure  that  the  major  break  had  been 
obtained.  The  amount  of  open  work  was  kept  to  a  minimum,  even, 
at  times,  to  the  detriment  of  loading-machine  production.  Only  two 
places  in  each  block  were  driven — one  face  place  and  one  butt  place — 
these  being,  of  course,  at  right  angles  to  each  other.  Careful  atten¬ 
tion  was  given  to  making  clean  local  falls  and  to  seeing  that  no  stand¬ 
ing  timber  was  left  in  the  gob  areas.  The  major  break  occurred,  we 
believe,  at  about  300  feet  from  the  origin  of  the  retreat  line.  After 
this  there  was  a  noticeable  relief  of  roof  pressure.  From  this  point 
on,  the  number  of  cut-overs  per  block  was  increased  and  it  now  varies 
between  three  and  five  per  room.  It  is  this  feature  of  being  able  to 
adjust  quickly  the  number  of  places  being  opened  to  actual  conditions 
imposed  by  roof  pressure  that  makes  the  use  of  the  block  system  par¬ 
ticularly  valuable. 


ALLOY  STEELS* 

By  E.  C.  Smith+ 

Without  attempting  legal  exactitude  alloy  steel  may  be  defined 
as  a  steel,  the  special  properties  of  which  are  dependent  on  the  addi¬ 
tion  of  one  or  more  alloying  elements.  To  make  this  clearer  requires 
definition  of  the  underlying  material,  steel. 

Excluding  blister  steel,  which  is  carburized  wrought-iron,  steel 
may  be  defined  as  iron  and  carbon,  cast  in  an  initially  malleable  mass. 
Thus  we  have,  for  steel,  three  essentials — iron,  carbon,  and  initial 
malleability.  For  an  alloy  steel  we  have  these  three  plus  a  special 
property  or  properties  dependent  on  the  addition  of  one  or  more  alloy¬ 
ing  elements.  You  will  see  that  the  discussion  of  alloy  steels  is  based 
on  very  inexact  limitations. 

As  a  fair  premise  let  us  say  that  alloy  steels  are  special  steels  and 
that  chemical  composition  may  be  less  important  than  many  other  fac¬ 
tors.  As  it  would  require  a  rather  elaborate  volume  to  cover  the  field 
of  special  steels  no  attempt  will  be  made  at  this  time  to  cover  the 
history  of  the  subject,  and  only  such  materials  will  be  considered  as 
are  in  regular  production  in  a  tonnage  way,  and  even  this  group  can 
be  but  hastily  scanned. 

It  is  common  knowledge  that  the  luxuries  of  one  year  become 
the  staples  of  the  next.  Where  skill  and  capital  combine  to  produce 
a  special  material  at  a  relatively  low  cost,  a  widespread  application 
results.  This  is  especially  true  of  the  alloy  steels,  which  until  recently 
have  been  luxury  steels.  The  effect  of  lowering  prices  and  increasing 
production  in  this  country,  has  been  to  bring  the  entire  steel  industry 
to  a  degree  of  special  manufacture  not  contemplated  a  few  years  ago. 
For  this  reason,  alloy  or  special  steels  are  of  more  than  usual  interest 
to  manufacturers  of  steel,  and  it  becomes  important  to  study  the  pres¬ 
ent  design  of  plants,  giving  special  consideration  to  their  adaptability 
to  the  requirements  of  the  future.  We  must  expect  radical  changes 
in  lay-out  and  design  of  mills.  Flexibility  always  brings  with  it  major 
problems  of  control,  and  even  the  type  of  personnel  may  have  to 
change. 

’Presented  February  15,  1930.  Received  for  publication  April  11,  1930. 

tCentral  Alloy  Steel  Corporation,  Massillon,  Ohio. 
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The  rather  unsafe  definition  of  alloy  steels  did  not  include  any 
limitation  as  to  process,  *  and  we  find  all  of  the  existing  commercial 
methods  responsible  for  some  tonnage  of  special  steels.  Essentially  the 
production  comes  from  two  sources — the  basic  open-hearth  process 
and  the  arc  electric  process.  In  the  immediate  future  there  will  be 
interesting  additions  to  the  present  tonnage  of  induction-furnace  ma¬ 
terial  wfith  the  trend  toward  high  frequency  where  small  lots  are 
desired,  and  low  frequency  where  tonnage  is  important.  It  does  not 
seem  probable  that  any  fewer  methods  will  be  used,  however  narrow 
the  present  field  is  for  certain  processes. 

In  melting  practice  we  are  soon  to  benefit  from  the  study  of  the 
physical  chemistry  of  steel  making — in  fact,  we  are  already  doing  so. 
It  is  to  be  expected  that  more  direct  methods  will  be  worked  out  in 
the  near  future.  Steel  scrap  and  pig-iron  may  not  be  the  essentials 
of  the  luxury  steel.  Sponge  iron  may  be  the  basis  of  a  new  steel  mak¬ 
ing.  Certainly  better  knowledge  of  melting  practice  will  permit  higher 
quantities  of  hot  metal  to  be  converted  into  steels  of  any  desired  quali¬ 
ties.  It  is  reasonable  to  expect  the  special  steel  to  carry  the  burden 
of  development  of  these  new  processes,  and,  for  that  reason,  they 
should  be  studied,  although  the  ultimate  use  of  some  of  them  may 
be  slight. 

At  present,  special  steels  are  the  product  of  processes  that  are 
essentially  the  reworking  of  steel  scrap,  and  this  means  that,  to  date, 
special  steels  are  not  the  result  of  an  operation  in  which  the  essential 
is  to  convert  raw  pig-iron  into  salable  steel. 

Between  the  tonnage  producer  and  the  specialty  maker  there  is 
no  vast  difference.  The  basis  of  both  is  blast-furnace  iron,  but  the 
special  steel  uses  less  of  it  and  more  scrap.  In  the  induction  units 
nothing  but  steel  scrap  and  alloys  are  required ;  in  the  arc  furnace  a 
small  amount  of  pig-iron  is  used;  in  the  open-hearth  furnace  about 
half  the  charge  is  pig-iron.  In  some  work  it  may  be  desirable  to  use 
it  cold ;  in  other  cases  it  may  be  used  hot,  but  usually  a  more  uniform 
quality  of  pig-iron  must  be  supplied.  It  does  not  seem  that  any  direct 
process  is  sufficiently  established  to  change  this  status  immediately. 

The  special  steel  business  is  a  large  consumer  of  scrap.  It  can 
reasonably  be  expected  that  our  present  hazy  ideas  of  scrap  and  its 
relation  to  finished  product  will  be  clearly  defined  in  the  near  future. 
That  this  is  reasonable  is  founded  upon  the  knowledge  that  certain 


1930] 


SMITH— ALLOY  STEELS 


207 

steels  require  not  only  the  choice  heavy  scrap  so  desired  now,  but  that 
others  will  require  very  light  scrap,  of  which  there  is  no  definite  sup¬ 
ply  at  present.  With  increasing  knowledge  of  scrap  characteristics 
will  come  a  better  utilization  of  the  present  narrowing  supply. 

It  has  been  pointed  out  that  no  vast  difference  exists  between 
tonnage  and  special  steels.  The  increasing  value  of  special  steels  war¬ 
rants  increased  care,  and  thus  it  is  usual  to  encounter  certain  refine¬ 
ments  which  are  rapidly  spreading  to  the  tonnage  industry.  Less 
iron-ore  is  used  in  the  open-hearth  work,  with  burnt  lime,  more 
clean-up  alloys,  and  more  time.  All  the  ingots  are  sink-head  ingots, 
and  a  large  number  are  big-end-up  ingots.  More  attention  is  given 
to  the  work  for  the  reason  that  the  product  is  worth  more  money. 
The  same  skilled  melting  practice  is  used,  but  a  little  less  pressure  is 
put  upon  the  men  for  production,  and  considerably  more  pressure  is 
applied  to  produce  steels  of  certain  physical  characteristics — shallow 
or  deep  hardening  steels,  and  steels  which  anneal  easily,  or  possess 
some  other  special  quality. 

The  present  trend  of  intangibles  in  specifications  for  alloy  steel 
must  be  viewed  with  concern  by  the  tonnage  producer.  The  alloys 
added,  it  would  seem,  include  everything  which  alloys  with  iron,  and 
many  things  which  are  supposed  to  combine  only  with  the  slag.  To 
the  outsider  viewing  the  marvelous  array  of  elements  used,  the  steel 
maker  must  be  considered  a  very  learned  man.  To  the  insider  it  is 
known  that  the  master  of  any  single  element  is  the  learned  man. 

Without  attempting  to  discuss  all  the  manufacturing  problems, 
the  alloys  used  divide  themselves  into  two  groups;  those  which  do 
not  oxidize  during  melting,  and  those  which  do  oxidize. 

The  open-hearth  process,  which  is  an  oxidizing  process,  does  not 
have  the  same  limitations  with  non-oxidizing  alloys  that  exist  with 
the  oxidizable  elements.  It  is  thus  natural  to  expect  nickel,  molyb¬ 
denum,  and  copper  to  be  commonly  used  in  the  open-hearth  furnace. 
It  is  equally  reasonable  to  expect  chromium,  vanadium,  and  tungsten 
alloys  to  be  at  their  best  in  electrc  furnaces.  The  non-oxidizing  alloys 
may  be  added  at  any  stage  of  the  heat ;  the  others  are  protected  from 
loss  by  various  special  practices,  but  are  usually  late  fuinace  or  ladle 
additions. 

With  alloy  steels  the  pouring  practice  differs  from  that  with 
tonnage  production  only  in  the  same  way  that  melting  differs.  The 
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product  is  expensive  and  must  be  cared  for.  Sink-head  ingots  rather 
smaller  than  the  usual  ingots,  are  common.  In  certain  cases,  the  ratio 
of  length  to  cross-section  is  less  but  hardly  approaches  ideal  condi¬ 
tions,  since  most  of  the  ingots  require  lengths  for  rolling-mill  han¬ 
dling.  It  would  seem  that  this  phase  of  the  industry  could  stand 
much  more  study.  Certain  ingot  producers  who  do  not  roll  their 
product,  have  accomplished  a  good  deal  by  study  of  their  pouring 
practice.  In  the  main,  it  might  be  said  that  alloy  steels  for  auto¬ 
motive  products  are  cast  in  fluted  ingots  the  total  weight  of  which, 
including  the  sink-head,  is  less  than  three  tons. 

The  essentials  of  rolling  are  similar  to  those  of  tonnage  products. 
The  protection  feature  in  this  case  means  smooth  rolls  in  all  cases, 
less  reduction,  and  generally  very  much  more  exact  rolling  tempera¬ 
tures.  These  factors  are  more  difficult  to  accomplish  than  in  tonnage 
production,  due  to  the  smaller  orders  and  frequent  changes. 

The  surface  preparation  of  alloy  products  is  more  thorough  than 
with  the  tonnage  steels,  but  not  more  so  than  is  the  case  with  good 
seamless-tube  stock.  The  chipping  and  grinding  departments  of  an 
alloy  plant  are  usually  very  large. 

Returning  to  our  rather  unstable  definition  that  the  alloy  steel  is 
a  special  steel  with  properties  depending  upon  the  addition  of  one 
or  more  alloying  elements,  we  may  fairly  ask  where  the  commercial 
steel  stops  and  the  special  starts.  This  is  a  question  which  it  is  im¬ 
possible  to  answer  directly.  Nickel  to  the  extent  of  0.05  per  cent,  is 
of  no  use  in  hardening,  but  is  very  nasty  when  butt  welding  is  to  be 
done.  A  discussion  of  the  characteristics  of  the  alloying  elements  and 
their  actions  will  give  a  better  ground  for  judgment. 

An  examination  of  the  elements  alloyed  wit-h  iron,  shows  that  a 
certain  order  is  present,  and  the  study  of  this  would  enable  the 
prediction  that  future  combinations  will  be  adaptations  of  the  present. 
Iron  and  nickel  are  in  the  same  family,  and  can  be  considered  the 
underlying  material  and  really  discussed  as  iron. 

In  the  periodic  table,  the  series  of  metals  with  atomic  numbers 
starting  with  22  and  including  25  are  all  alloyed  with  iron.  Titanium 
22,  vanadium  23,  chromium  24,  and  manganese  25,  form  a  group  of 
somewhat  similar  alloying  metals.  Iron  is  deoxidized  by  the  group 
of  elements  the  atomic  numbers  of  which  start  with  12  and  include 
15.  Magnesium  12,  aluminium  13,  silicon  14,  and  phosphorus  15,  are 
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a  group  of  alloying  materials  somewhat  similar  in  their  action.  Iron 
is  alloyed  mainly  by  group  6  of  the  periodic  system,  which  group  con¬ 
tains  chromium,  molybdenum,  tungsten,  and  uranium.  Since  these 
three  groups  have  been  investigated,  it  would  appear  reasonable  to 
predict  this  limit  for  alloy  combinations  for  some  years. 

As  indicated  earlier,  nickel  and  iron  are  natural  alloying  ele¬ 
ments.  They  are  found  alloyed  in  nature,  and  in  meteorites  their 
ores  are  often  found  associated.  It  was  thus  natural  that  nickel  steels 
were  developed,  and  it  is  really  strange  that  they  were  not  developed 
until  so  recently. 

Nickel  steels  have  been  developed  to  form  a  series  from  the  soft 
grades  to  oil-hardening  grades,  but  they  do  not  find  application  in 
the  fields  of  very  high  hardness  such  as  ball  steels,  spring  steels,  tool- 
steels,  etc.  Nickel  lowers  the  temperature  at  which  steel  hardens, 
and  raises  the  strength  without  sacrifice  of  ductility.  Taking  advan¬ 
tage  of  this,  nickel  steel  may  be  used  to  lower  the  quenching  tempera¬ 
ture,  and  this  decreases  scaling  and  distortion  during  hardening. 

Nickel  should  find  wide  use  where  the  finished  part  is  machined 
and  heat  treated.  Carburized  parts  are  distinctly  in  this  class,  and  it 
is  natural  to  find  this  field  dominated  by  nickel  steels.  Nickel  is  ex¬ 
pensive  and  does  not  tend  to  high  hardness.  It  is  natural  to  expect 
compromises  to  be  made  by  addition  of  other  alloying  elements. 
Hardeners  such  as  chromium  can  be  added,  producing  the  chrome- 
nickel  series.  This  series  has  been  developed  over  the  same  range  as 
the  simple  nickels  from  carburizing  steels  to  the  grades  for  oil-hard¬ 
ened  gears,  but  they  are  not  used  in  the  high-hardness  parts. 

In  the  low-chrome  grades,  such  as  \  l/2  nickel  and  Yz  chromium, 
they  are  good  commercial  steels.  The  carburizing  grades  are  harder 
to  machine  and  more  difficult  to  treat  than  the  3j/>  nickels,  but  are 
commercially  satisfactory.  The  high-nickel  chromes  of  the  old  Krupp 
type  are  wonderful  steels,  but  they  are  very  expensive  and  very  sensi¬ 
tive  to  treatment.  They  are  limited  to  use  in  applications  which  can 
stand  rigid  piece  inspection  and  definite  study  of  brittleness.  High- 
nickel  chromes  are  standard  steels  for  intricate  sections  or  treated 
parts  of  large  section,  such  as  big  gears,  dies,  intricate  cranks,  etc. 

Two  other  nickel  combinations  are  common  enough  to  bring  out 
the  character  of  the  added  alloying  elements.  Nickel-chrome-vana¬ 
dium  steel  in  the  carburizing  range  is  one  to  which  the  addition  of 
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vanadium  broadens  the  quenching  range,  in  which  a  fine  case  struc¬ 
ture  may  be  obtained.  Nickel-molybdenum  steel  is  indicated  where 
sheer  hardness  is  the  desideratum.  The  nickel-steel  quench  is  natur¬ 
ally  slow,  and  the  addition  of  molybdenum  speeds  this,  permitting 
nickel-molybdenum  hardness  approaching  the  true  hard  steels.  The 
discussion  of  nickel  steels  may  thus  be  considered  the  key  to  the  char' 
acter  of  the  alloying  elements. 

Vanadium  is  essentially  insurance  in  heat  treatment.  It  is  best 
known  as  chrome  vanadium,  where  it  broadens  the  treating  ranges 
sufficiently  to  permit  high-pressure  heat  treatment.  Its  natural  field 
is  in  such  work  as  can  not  be  exactly  controlled.  Large  variation  of 
section,  extremely  rapid  forging  operations,  very  high  quenching 
heats,  and  all  types  of  working  that  are  doubtful,  can  be  safeguarded 
by  the  use  of  vanadium. 

Molybdenum  has  not  located  its  natural  field.  Best  known  as 
chrome  molybdenum,  it  finds  considerable  use  as  a  cheap  water-hard¬ 
ened  steel  for  machining  after  treatment.  It  is  machined  commer¬ 
cially  at  physical  properties  as  high  as  any  known  steel.  The  use  of 
chrome-molybdenum  steels  in  the  other  ranges  of  composition  has 
been  limited,  and  results  are  not  so  satisfactory.  Nickel  molybdenum 
and  nickel  chrome  molybdenum  are  both  commercially  used,  and  both 
will  develop  wfide  fields  of  application.  Limited  at  present  to  defi¬ 
nitely  controlled  manufacturing  processes  where  the  sensitive  hard¬ 
ening  combination  can  be  handled,  they  furnish  die-blocks,  and  parts 
for  aeroplane  engines.  They  will  develop  a  field  in  steels  in  which 
the  advantage  of  change  of  volume  during  drawing  is  used  to  pro¬ 
duce  hard,  tough  parts,  such  as  die-blocks,  and  carbonized  bearings. 

So  far  we  have  really  considered  iron-nickel  alloys,  and  we  noted 
early  that  chromium  is  widely  used.  Chromium,  like  manganese, 
is  really  a  structure-changing  alloy.  It  is  nearly  universal  as  an  alloy 
steel,  and  the  tonnage  of  purely  chromium  types  exceeds  that  of  any 
other  alloy  steel.  Chromium  steels  form  the  only  complete  series  of 
alloy  steels.  They  are  used  from  the  carburizing  grades  to  the  ball 
steels.  The  compositions  vary  from  very  small  amounts  to  large 
amounts,  exceeding  the  nickel  addition.  In  late  years  considerable 
development  of  chrome-iron  alloys  as  semi-steels  and  corrosion-resist¬ 
ing  products,  has  broadened  the  field  of  this  useful  alloy.  A  dis- 
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cussion  of  the  characteristics  will  serve  to  outline  the  questions  which 
must  be  answered  when  choosing  an  alloy  steel. 

From  the  manufacturing  end,  these  steels  have  an  interesting  his¬ 
tory.  They  seemed  very  simple  to  make  and  proved  very  difficult. 
Chrome  steels,  like  carbon  steels,  demonstrate  daily  that  qualitative 
chemistry  is  a  poor  guide  to  the  ultimate  qualities  of  a  steel.  Modern 
metallurgy  has  been  forced  to  admit  that  manufacturing  practice  is 
an  essential  in  making  chromium  steels. 

Starting  with  the  carbonizing  grades,  they  are  at  a  disadvantage 
due  to  the  temperature  required  for  quenching;  they  are  properly 
treated  only  with  lead  or  fused  salts;  open  fuel  furnaces  or  electric 
furnaces  should  not  be  used.  The  high  quenching  temperature  and 
the  high  hardness  developed  during  quenching  are  associated  with 
distortion.  The  natural  field  is  in  full  hard  work,  which  is  ground 
to  size  after  treatment — piston  pins,  carbonized  ball  races,  etc. 

The  water-hardening  chromium  steels  are  the  most  important 
group  of  alloy  steels  now  in  use.  Strictly  speaking,  chrome  vanadium, 
chrome  molybdenum  and  chrome  silico-manganese  are  included  in 
this  list.  They  are  as  easily  handled  in  forging  as  carbon  steels  and 
more  easily  heat  treated.  They  have  all  the  advantages  of  carbon 
steels  and  are  not  so  widely  variable  in  treatment.  They  are  the 
alloy  steels  of  big  production  jobs  where  machine  work  is  done  sub¬ 
sequently  to  treatment,  as  on  axles,  knuckles,  etc.  As  the  carbon  in¬ 
creases,  they  are  water  hardening  only  in  large  sections  and  are  oil 
hardening  in  small  sections.  In  the  medium  carbon  ranges,  say  0.40 
to  0.55,  they  form  the  backbone  of  the  gear  industry,  where  gears 
are  cut  and  hardened  directly  in  oil.  The  business  of  passenger  auto¬ 
mobile  transmission  is  founded  upon  such  steels.  In  gears  they  are 
at  a  slight  disadvantage  in  the  modern  electric-heat  units;  scale  is 
formed  and  prevents  good  quenching.  In  salt  baths  or  lead  they 
harden  very  well. 

Above  0.60  carbon  up  to  0.85,  low-chrome  steels  are  common 
as  simple  tool-steels.  Above  0.90  carbon  with  higher  chrome,  they 
dominate  the  field  of  hard  steels,  such  as  bearing  steels.  In  this  field 
they  present  many  interesting  commercial  problems.  The  few  points 
mentioned  serve  to  attract  attention  to  a  few  of  the  factors  which 
may  or  should  be  given  consideration  in  the  selection  of  an  alloy 
steel — composition,  such  as  nickel,  chrome,  molybdenum,  vanadium, 
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or  the  combination  of  any  of  these ;  method  of  manufacture,  whether 
rolled,  forged,  machined,  carburized,  or  heat  treated,  and  the  proper 
type  of  equipment;  physical  requirements,  such  as  texture,  ability  to 
distribute  stress  or  tendency  to  localize  stress;  peculiar  conditions  of 
structure  that  have  been  found  so  important  outside  the  field  of  steel, 
as  in  tungsten  wire;  steels  that  shrink,  expand,  or  hold  their  size. 

How  are  these  factors  related,  weighed,  sorted  and  application 
made?  How  often  are  the  factors  considered?  Is  steel  selected  and 
do  engineers  really  care  whether  the  product  fits  the  job?  Do  metal¬ 
lurgical  men  interest  themselves  in  the  factors  of  selection  ? 

Repeating  the  high  spots  of  chemistry,  we  may  say  carbon  steels 
for  shallow  hardness  and  high  ability  to  distribute  stress;  nickel  steels 
for  lowered  hardening  temperatures  and  good  distribution  of  stress; 
chrome  steels  for  high  hardness  and  ability  to  localize  stress;  vana¬ 
dium  as  insurance ;  molybdenum  with  chrome  in  simple  machined 
parts,  and  with  nickel  in  parts  requiring  more  hardness. 

Beyond  chemistry,  probably  the  next  important  point  is  texture, 
grain  size,  or  structure — that  undefined  property  of  being  able  to 
fulfill  certain  requirements;  a  gear  steel  that  forges  easily  in  districts 
where  light  hammers  are  present ;  a  carbon  steel  that  blanks  properly ; 
a  nickel  steel  that  can  be  carbonized  and  will  stand  much  bending. 
This  important  point  of  proper  structure  can  seldom  be  specified  and 
frequently  causes  much  trouble. 

Discussion  of  specific  products  will  assist  in  showing  points  that 
ma)r  require  consideration.  Transmission  gears  used  in  automotive 
work  are  familiar  to  all.  They  covei  practically  the  ranges  of  compo¬ 
sition  listed  in  the  specifications  of  the  Society  of  Automotive  En¬ 
gineers.  There  must  be  some  reason  for  the  wide  variation  in  com¬ 
position.  A  discussion  of  second-speed  gears  will  focus  the  attention 
on  a  known  part.  The  mass-production  speed  gear  is  based  on  an 
economical  steel  that  can  be  processed  by  simple  methods.  The  field 
is  dominated  by  chrome  steels.  The  related  chrome  vanadium  may 
be  considered  an  insured  chrome  steel.  Chrome  steels  are  economical. 
They  can  be  annealed  very  rapidly  in  continuous  furnaces,  even  in 
the  0.50  carbon  oil-hardening  range.  They  anneal  very  uniformly, 
cut  uniformly,  harden  well,  and  give  service.  What  are  the  debits? 
If  so  perfect,  why  not  all  chrome  gears? 
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Chrome  steels  have  high  critical  point  and  therefore  high  hard¬ 
ening  temperature.  This  means  that  they  must  he  protected  during 
heating,  and  preferably  heated  in  lead  or  fused  salt.  Chrome  steels 
harden  deeply  and  localize  stress;  they  may  therefore  be  brittle.  They 
anneal  so  easily  that  they  may  overanneal,  and  be  slow  cutting  and 
slow  in  solution  rate  during  hardening  heat.  This  is  especially  true 
of  the  vanadium  branch  of  the  family.  If  high  critical  point  is  a 
problem,  this  is  best  removed  by  the  use  of  nickel  steel.  Nickel  steel 
has  a  low  critical  point,  but  is  slow  to  anneal,  hardens  only  fairly 
well,  and  is  expensive.  If  the  expense  can  be  borne,  the  addition  of 
sufficient  nickel  to  the  chrome  steel  should  solve  both  problems,  bear¬ 
ing  in  mind  that  any  compromise  is  usually  at  the  expense  of  the 
best  of  the  combination.  Nickel-chrome  gears  are  expensive,  but  if 
free  from  the  stress  concentration  of  the  chrome  and  the  indefinite 
hardening  of  the  nickel,  they  are  wonderful. 

If  design  is  a  factor  in  stress  concentration — and  if  hardness 
must  be  maximum — we  must  drop  the  simple  oil-hardening  steel  and 
choose  from  the  softer  steels.  The  hardness  must  be  obtained  by  car¬ 
bonizing.  Here  again  we  choose  chrome  steel  when  hardness  governs, 
and  nickel  where  quenching  is  difficult,  and  again  use  the  combina¬ 
tion  as  a  compromise.  Thus  we  find  nickel-chrome  truck  gears  where 
size,  design,  and  duty  demand  combination  and  a  more  complicated 
method  of  treatment.  Where  the  stress  is  less,  five  per  cent,  nickel 
may  be  used.  In  passenger  automobile  service  the  complicated  sec¬ 
tion  gear  would  be  carbonized  3^/2  per  cent,  nickel.  There  has  been 
little  use  of  either  vanadium  or  molybdenum  in  the  carbonized  trans¬ 
mission,  but  both  are  common  in  the  carbonized  differential  parts. 

After  selecting  the  material,  is  it  possible  to  choose  at  random 
from  equipment  for  the  manufacturing  and  treating  operations?  Can 
an  oil-hardened  transmission  be  produced  in  a  plant  that  has  been 
producing  carbonized  transmissions?  A  great  many  plants  have  faced 
the  latter  problem  in  the  last  few  years.  The  short-tooth  trans¬ 
mission  gear  could  use  oil-hardened  steel;  the  transmission  could  be 
produced  much  more  cheaply  and  could  meet  many  requirements. 

Can  the  carbonizing  turnaces  be  used  to  anneal?  Can  the  lead- 
pots  be  used?  Do  we  have  to  provide  new  furnaces?  Should  they 
be  batch  or  continuous,  special  or  regular?  These  are  definite  ques- 
tions.  Anneal  for  machine  work  means  anneal  for  structure.  Car- 
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bonizing  furnaces  hold  high  heats  for  long  periods.  Structural 
anneals  demand  flexible  control  of  annealing  heat,  and  the  batch 
furnace  can  not  accomplish  this.  If  batch  furnaces  must  be  used,  the 
anneal  should  be  made  of  quenched  material,  such  as  3^  per  cent, 
nickel.  Chrome  steel  is  usually  ruled  out  of  batch  annealing. 

Lead-pots  and  salt  baths  are  very  satisfactory  for  treating  trans¬ 
mission  work.  They  usually  exceed  the  electric  furnace  results  by 
wide  margins.  Suppose  the  proper  balance  has  been  effected.  Suppose 
the  properly  designed  part  was  produced  by  a  sequence  of  properly 
co-ordinated  operations  including  the  treatment.  How  much  is  to 
be  gained?  It  is  not  uncommon  to  see  the  useful  life  increased  from 
ten  to  one  hundred  times  the  accepted  value. 

During  recent  years,  the  special-steel  industry  has  taken  on  a 
rather  interesting  aspect,  due  to  the  production  of  two  groups  of 
steel.  It  has  been  calculated  that  the  strength  of  iron  is  about 
1,000,000  pounds  per  square  inch.  Recently  published  figures  run 
as  high  as  1,800,000  pounds.  Translating  this  into  usable  terms,  we 
are  getting  about  10  per  cent,  of  the  strength  in  our  good  steels  and 
about  five  per  cent,  in  our  simple  products.  There  are  very  good 
grounds  for  feeling  that  this  is  true.  The  strength  of  a  wire  rope  in 
tension  is  indicative  of  possibilities.  When  gear  steel,  with  the  finest 
treatment,  can  show  the  strength  of  wire  we  will  have  accom¬ 
plished  much. 

There  is  much  about  a  piece  of  steel  to  indicate  that  it  is  a  lot 
of  short  wires  which  approximate  a  wire  net  filled  with  clippings  of 
wire  in  rather  short  pieces.  Each  piece  is  quite  strong,  but  the 
strength  of  the  aggregate  depends  upon  our  ability  to  intermingle 
the  pieces  or  provide  some  filler  with  strength  of  such  order  that  the 
short  wires  are  held  together.  That  this  is  possible  looks  reasonable 
in  the  study  of  the  high  alloys,  such  as  15  per  cent,  chrome  or,  more 
strangely,  from  the  observation  of  a  nitrogen-hardened  product.  The 
strength  of  a  0.15  carbon  steel  with  about  12  per  cent,  chrome,  undei 
certain  conditions  of  hardening,  exceeds  the  best  properties  developed 
by  treatment  of  material  for  gears  or  aviation  crankshafts,  for  instance. 
To  date,  heat  treatments  from  furnaces  do  not  produce  similar  results. 

The  physical  properties  of  certain  high-chrome  die  steels  pro¬ 
duced  regularly  in  this  district  are  of  equal  interest.  The  ability  of  a 
nitrided  surface  to  carry  load,  indicates  a  strength  on  the  order  of 
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perfect  metal  contact.  It  is  for  this  reason  that  the  two  new  endeav¬ 
ors  will  stand  searching  inquiry.  From  either  may  come  the  secret 
of  how  to  make  an  inch  round  as  strong  per  unit  area  as  a  music 
wire  is  to-day. 

Another  interesting  reason  for  the  study  of  these  new  endeavors 
is  that  both  of  them  enter  the  field  of  rust  resistance.  Iron  has  always 
burned  up,  slowly  to  be  sure,  but  surely  as  time.  Nitrided  surfaces 
are  nearly  akin  to  a  non-metallic  type  of  surface.  The  surface  of  the 
high  alloyed  products  approaches  that  of  the  noble  metals.  If  it  is 
true  that  stability  of  surface  is  associated  with  continuity  of  struc¬ 
ture,  there  may  be  a  closer  relation  between  the  soft,  resistant  surface 
of  a  chrome-nickel  alloy  and  the  hard  surface  of  a  nitrided  specimen, 
than  is  apparent  at  first  glance. 

In  closing,  it  may  be  of  interest  to  discuss  for  a  moment  the 
chrome-nickel  alloy  used  for  resisting  corrosion  and  rust.  It  is  of 
special  interest  to-day,  in  that  it  is  replacing  plated  decorations  in 
the  Ford  car  in  one  direction  and  replacing  stone  and  similar  materials 
for  building  decorations  in  a  vastly  different  field.  In  its  essential 
it  is  an  electric-furnace  product  with  0.10  per  cent,  carbon,  18  percent, 
chrome,  and  eight  per  cent,  nickel,  and  in  many  ways  more  like  a 
brass  than  a  steel.  It  offers  many  problems  in  manufacture,  and  many 
more  in  its  applications.  It  is  produced  in  the  major  quantities  in  arc 
furnaces  from  steel  scrap  and  ferro-chrome,  the  nickel  being  electro¬ 
lytic  nickel.  It  is  poured  in  conventional  ingots  rolled  in  ordinary 
mills,  rolled  to  sheets  in  ordinary  mills  differing  not  so  fundamentally 
in  any  respect.  It  is  pickled  in  stronger  solutions — about  20  per  cent, 
hydrochloric  acid,  to  which  may  have  been  added  enough  nitric  acid 
to  produce  chlorine;  in  fact,  in  certain  cases,  an  aqua  regia  pickle  is 
used.  It  requires  nitric  acid  treatment  to  stabilize  the  surfaces  and 
render  it  immune  to  rusting,  the  greatest  fault  of  other  steels.  It  has 
an  immense  future.  In  a  few  years  the  workmen  who  handle  this 
material  will  determine  the  essential  points,  and  it  appears  reason¬ 
able  to  forecast  a  considerable  reduction  in  price. 

In  many  fields  the  noble-metal  type  of  the  chrome-nickel  will 
not  be  required,  but  simpler  combinations  will  appear.  It  is  to  be 
hoped  that  larger  structures  of  more  pleasing  appearance  with  in¬ 
definite  life  can  be  made  entirely  of  steel,  developed  about  the  studies 
of  these,  the  more  recent  major  alloy  steels. 
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s.  s.  w  ales.  Chairman  :*  We  appreciate  Mr.  Smith’s  very 
able  paper. 

There  is  just  one  point  on  which  the  speaker  did  not  touch, 
that  1  would  like  to  bring  to  your  attention — the  aid  which  alloy 
steels  have  been  to  the  rest  of  the  steel  business.  When  we  started 
in  with  steel,  it  was  a  great  improvement  over  wrought-iron,  so  for 
a  long  time,  we  accepted  it  as  good  enough  in  quality  and  worked 
rather  to  quantity  production.  Then  came  the  automobile,  which 
had  to  have  steel  of  higher  strength  to  stand  increased  stresses  and 
we  began  to  develop  alloy  steel.  We  immediately  discovered  a  num¬ 
ber  of  things  about  the  manufacture  of  common  steel  that  made  it  a 
lot  better.  So  the  two  were  sort  of  “speeded  up”  together,  alloy 
steel  leading  and  plain  steel  trying  to  catch  up ;  then  plain  steel  going 
ahead  for  some  purposes  and  alloy  steel  working  harder ;  then  both 
working  together  until  to-day  we  put  out  a  better  grade  of  common 
steel  than  we  did  before  we  had  our  alloy  competitors. 

T.  J.  Lutz  :t  Did  I  understand  you  to  say  that  this  0.05  per 
cent,  of  nickel  affects  the  welding  properties? 

E.  C.  Smith  :  We  make  an  advertised  product  and  I  do  not 
like  to  refer  to  it  in  a  meeting  of  this  kind,  but  I  might  refer  to 
the  case  of  copper-molybdenum  combination  in  which  the  welding 
apparently  depends  on  the  addition  of  a  very  small  amount  of  nickel. 
We  found  that  in  certain  types  of  butt  welding  0.05  per  cent,  of 
nickel  was  the  turning  point.  Below  0.05  per  cent,  it  was  commer¬ 
cially  satisfactory.  Above  0.05  per  cent,  many  of  the  welds  were  bad. 

T.  J.  Lutz:  Does  that  apply  to  electric  welding? 

E,  C.  Smith  :  No.  We  have  welded  a  very  high  chrome-nickel 
alloy  fairly  successfully  with  electricity. 


*Chiet  Electrical  Engineer.  Carnegie  Steel  Co.,  Pittsburgh. 
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C.  M.  Johnson:*  What  is  the  merit  of  steel  with  18  per  cent, 
chromium,  eight  per  cent,  nickel,  and  0.07  per  cent,  carbon  as  com¬ 
pared  with  the  same  alloy  with  0.1  to  0.12  per  cent,  carbon?  Is 
there  any  real  value  in  having  0.07  per  cent,  carbon  rather  than  0.1 
to  0.12  per  cent.  ? 

E.  C.  Smith  :  May  I  ask  the  specific  field  in  which  you  propose 
to  use  it? 

C.  M.  Johnson:  For  seamless  tubing. 

E.  C.  Smith  :  The  only  place  in  which  you  would  want  a  very 
low  carbon,  is  where  there  is  continuous  high  temperature  and  high 
pressure  such  as  in  oil-cracking  units. 

C.  M.  Johnson:  Do  you  believe  that  there  is  any  definite  evi¬ 
dence  of  a  justifiable  high  limit  of  0.07  per  cent,  carbon? 

E.  C.  Smith  :  I  believe  there  would  be  less  possibility  of  carbid 
precipitation  with  0.07  per  cent,  carbon,  but  there  is  little  positive 
evidence  on  this  side  of  the  ocean  as  to  the  definite  requirements. 

C.  M.  Johnson:  How  much  copper  was  in  that  nickel-chrom¬ 
ium  steel  with  which  you  tried  the  butt  welding? 

E.  C.  Smith  :  The  copper  content  is  0.5  per  cent.  Apparently 
the  important  point  was  a  little  difference  in  the  nickel.  I  mentioned 
that  only  to  try  to  bring  out  the  point  that  you  must  define  the  limita¬ 
tions  surrounding  the  particular  case.  Each  one  will  be  limited  by  its 
specific  application. 

C.  M.  Johnson  :  1  hen,  as  I  understand  it,  had  there  been  no 
copper  there,  the  0.05  nickel  would  have  had  the  same  effect  on  the 
welding. 

E.  C.  Smith:  It  does  on  very  light  tubing  in  butt  welding,  no 
copper  being  present.  Coming  back  to  Mr.  Wales’s  comment  on  plain 

‘Director,  Research  and  Metallurgical  Departments,  Park  Works,  Crucible  Steel 
Co.  of  America,  Pittsburgh. 
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carbon  steel  versus  alloy  steel,  there  is  one  field  other  than  wire  rope, 
where  the  alloy  steel  is  absolutely  ruled  out,  and  that  is  in  some  of 
the  valve  springs  of  aviation  engines.  So  though  the  alloy  steel  is 
ahead  in  some  respects,  there  are  a  great  many  fields  where  the  alloy 
steel  man  has  not  been  able  to  catch  up  to  the  carbon  steel. 

A.  W.  Demmler:*  Does  the  six  per  cent,  chrome  steel  have 
any  possibility  of  replacing  to  any  extent  the  combination  of  18  per 
cent,  chromium  and  eight  per  cent,  nickel? 

E.  C.  Smith  :  I  feel  that  it  will.  I  do  not  believe  they  will 
carry  it  into  all  of  the  operations  where  they  have  carried  the  more 
expensive  chrome  nickel.  I  believe  it  will  be  a  compromise  between 
the  expensive  chrome  nickel  and  the  simple  carbon  steel. 

S.  S.  Wales:  How  far  have  you  carried  the  copper  alloys? 

E.  C.  Smith:  Not  beyond  0.5  per  cent.  We  made  some  ex¬ 
perimental  steels  with  copper  in  the  neighborhood  of  one  per  cent, 
with  very  sad  results.  It  was  all  right  in  very  small  ingots  with 
heavy  chilling,  but  was  not  commercially  satisfactory  when  we 
brought  it  up  to  ingot  size.  If  any  one  knows  of  a  definite  product 
of  one  or  more  per  cent,  of  copper  in  25-  or  30-inch  ingots  I  would 
like  to  know  of  it,  because  I  have  been  criticized  by  a  man  who 
thought  he  had  a  very  cheap  alloy  steel,  and  I  was  unable  to  make 
it  in  a  usable,  uniform,  heat-treating  steel. 

S.  S.  Wales:  With  copper  soluble  in  iron  up  to  seven  per  cent, 
and  iron  soluble  in  copper  up  to  three  per  cent.,  it  would  seem  that 
it  would  alloy  within  the  range  of  solubility. 

E.  C.  Smith  :  My  impression  of  the  copper  steels  is  that  the 
coring  (which  you  see  in  nickel  steel)  is  aggravated  to  such  a  degree 
that  it  is  impossible  to  anneal  commercially.  Equilibrium  diagrams 
would  indicate  that  they  do  alloy,  but  commercially  I  was  not  able 
to  remove  this  coring  effect  by  any  heat  treatment  I  was  able  to  devise. 


^Metallurgist,  Vanadium  Corporation  of  America,  Bridgeville,  Pa. 
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C.  M.  Johnson:  What  is  your  main  application  for  steel  with 
0.5  per  cent,  copper? 

E.  C.  Smith:  In  galvanized  sheet;  not  as  a  structural  steel. 
We  have  made  some  alloy  steel  of  0.4  per  cent,  copper,  in  a  material 
of  much  higher  tensile  strength,  but  that  is  the  only  copper  steel  ot 
any  consequence  that  we  manufacture. 

D.  T.  Haddock  :*  I  have  heard  the  theory  advanced  that  it  is 
dangerous  to  attempt  to  weld  steel  of  16  to  18  per  cent,  chromium, 
as  the  change  in  structure  immediately  in  the  vicinity  of  the  weld 
makes  it  brittle. 

E.  C.  Smith  :  In  a  great  many  cases  that  is  absolutely  the  truth. 
To-day  I  was  looking  at  a  welded  tank  bottom  where  a  place  about 
four  feet  long  had  broken  about  *4  inch  back  of  the  weld.  That 
w’as  a  straight  18  per  cent,  chrome  steel.  Had  that  been  of  the 
chrome-nickel  type,  the  inner  lining  of  that  tank  would  not  have 
shown  any  break  at  all. 

D.  T.  Haddock:  What  change  has  occurred  in  the  structure  of 
the  steel  during  wrelding? 

E.  C.  Smith  :  Recrystallization  in  the  sheet  rather  than  in  the 
weld.  The  damage  is  not  so  apparent  in  the  weld,  as  it  is  in  the 
untouched  material  immediately  adjacent  to  the  wTeld. 

D.  T.  Haddock:  Isn’t  it  true  that  there  have  been  a  large  num¬ 
ber  of  tanks  built  from  18  per  cent,  chromium  steel? 

E.  C.  Smith  :  Yes,  where  the  welding  was  done  skilfully.  We 
have  a  great  many  tanks  lined  with  straight  18  per  cent,  chromium 
steel,  but  to  compare  the  ductility  with  that  of  the  18  per  cent, 
chromium  and  eight  per  cent,  nickel,  is  to  put  it  at  a  very  serious 
disadvantage. 

*Special  Representative,  American  Sheet  and  Tin  Plate  Co.,  Pittsburgh. 
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W.  H.  McCune:*  Isn’t  there  more  skill  required  in  the  weld¬ 
ing  of  the  straight  chromium  ? 

E.  C.  Smith  :  In  my  opinion,  very  much  more  so.  As  a  specific 
example,  we  built  of  stainless-steel  plate  a  box  (for  nitriding)  more 
than  20  feet  long  and  three  feet  in  cross-section.  We  had  both 
materials  and  we  chose  18  per  cent,  chromium  and  eight  per  cent, 
nickel,  because  we  felt  that  we  would  get  a  ductile  weld,  and  our 
plate  in  operation  would  not  give  us  any  trouble.  Had  we  not  felt 
that  it  was  easier  to  weld,  we  would  have  selected  the  less  expensive 
material. 

A.  W.  Demmler:  Was  a  coated  rod  used  in  that  welding? 

E.  C.  Smith  :  Yes.  I  am  not  familiar  with  the  coating,  but 
I  remember  that  the  best  results  we  had  on  those  big  tanks  was  with 
a  welding  wire  that  came  from  England  through  the  Babcock  & 
Wilcox  Company — an  asbestos-wound  heavily  coated  rod,  with  an 
extra  coating  around  it. 

C.  W.  Daubert:!  With  a  high  chrome-nickel  casting  which 
is  used  primarily  for  high-temperature  work,  is  it  possible  to  get  a 
strong  weld  with  either  electric  or  gas  welding? 

E.  C.  Smith:  In  our  judgment  it  is  safer  not  to  weld.  I  can 
best  answer  that  by  citing  the  example  of  a  furnace  we  are  using, 
which  is  an  alloy  of  25  per  cent,  nickel,  25  per  cent,  chromium.  The 
first  furnaces  were  made  of  welded  members;  the  later  furnaces  have 
been  made  of  bolted  members.  Our  reason  was  that  we  had  sufficient 
breakage  of  those  welds  to  be  a  serious  impediment  to  operation. 
That  does  not  mean  that  it  can  not  be  done.  Our  experience  has  been 
that  it  is  more  satisfactory  to  make  these  units  and  fasten  them  by 
some  other  method  than  welding.  Last  night  I  saw  a  producing  unit 
shut  down  due  to  breaking  a  series  of  welds  of  an  alloy  virtually  iden¬ 
tical  with  the  one  you  mention.  We  have  a  normalizing  furnace  with 
about  100  feet  of  alloy  going  through  it  in  which  the  units  are  not 


*  Assistant  Metallurgical  Engineer,  American  Sheet  and  Tin  Plate  Co.,  Pittsburgh. 
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welded  integrally.  We  have  other  furnaces  with  45  feet  of  welded 
length.  The  normalizing  furnace  has  been  excellent  since  the  long 
non-welded  members  were  put  in.  We  believe  that  unnecessary  weld¬ 
ing  is  foolish. 

D.  T.  Haddock:  What  is  the  critical  temperature  beyond 
which  it  is  unsafe  to  go  in  order  to  make  a  satisfactory  weld  of 
these  alloys? 

E.  C.  Smith:  I  feel  that  in  chromium  steels  any  welding  tem¬ 
perature  will  produce  grain  growth  adjacent  to  the  weld  to  such  a 
degree  that  it  will  be  less  ductile.  In  the  chromium  nickel  if  there 
is  a  loss  of  ductility,  it  is  not  to  a  degree  that  is  serious.  In  the  com¬ 
parison  of  the  two  the  chrome  has  a  very  serious  disadvantage.  The 
same  characteristics  to  a  certain  degree  obtain  in  carbon  steel.  A 
weld  in  common  carbon  strip  may  have  a  very  brittle  zone  imme¬ 
diately  back  of  the  weld.  Plain  chromium  acts  very  much  like  the 
simple  carbon  with  relation  to  welding.  Chromium  nickel  produces 
a  ductile  weld  that  is  practically  austenitic.  It  has  an  extremely  high 
elongation  like  manganese  steel.  I  can  not  tell  you  anything  as  to 
the  specific  temperatures  of  the  zone  behind  the  weld.  1  would  say 
that  the  chromium  steel  makes  a  poor  weld,  using  chromium  nickel 
as  a  basis  of  commercial  comparison. 

W.  M.  Austin:*  I  understand  that  steels  containing  higher 
percentages  of  silicon  and  manganese  than  usually  found  in  carbon 
steels,  have  been  very  successful  in  elliptical  and  semi-elliptical 
springs  for  vehicles,  but  that  no  gain  in  physical  properties  can  be 
found  in  alloy  helical  springs  of  large-diameter  wire,  such  as  rail¬ 
way  car  springs. 

Carbon  steel  helical  springs  are  often  tempered  at  a  height 
greater  than  the  final  free  height  of  the  spring.  After  tempering 
they  are  compressed  solid  several  times  and  take  a  permanent  set  to 
the  desired  free  height.  The  surging  of  the  spring  puts  internal 
stresses  into  the  spring  material  when  the  spring  is  without  external 
load.  The  object  of  the  surging  is  to  increase  the  load  which  the 
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spring  can  sustain  without  taking  additional  permanent  set.  It  is  well 
known  to  spring  makers  that  carbon  steel  springs  that  have  had  con¬ 
siderable  set  put  in  them  can  not  be  surged  for  very  long  from  no 
load  to  near  solid  without  fatigue  failure.  They  also  know  that  if 
the  minimum  load  is  made  a  large  enough  percentage  of  the  final 
load,  failure  is  not  likely  to  occur  even  after  100,000,000  operations. 

It  would  be  interesting  to  know  the  details  of  the  fatigue  failure 
of  alloy  springs  of  small-diameter  wire — the  maximum  and  minimum 
loads;  the  behavior  of  the  carbon  steel  spring,  and  also  of  the  alloy 
steel  spring;  the  question  of  whether  either  or  both  springs  took  per¬ 
manent  set  before  failure  from  fatigue  took  place.  The  question  of 
whether  the  fatigue  was  accelerated  by  giving  the  springs  a  reversal 
of  load  would  also  be  interesting,  as  well  as  the  chemical  composition 
of  the  alloy  steel  and  carbon  steel  springs  that  were  tested. 

E.  C.  Smith  :  It  is  my  personal  opinion  that  there  is  no  ad¬ 
vantage,  but  a  very  serious  disadvantage  in  the  helical  spring  made 
from  alloy  steel.  One  experience  that  was  fairly  well  gone  through 
brought  out  the  surprising  result  that  the  better  the  material  looked 
in  tensile  tests  in  the  laboratory,  the  worse  it  looked  in  the  helical 
spring  in  a  simple  endurance  test,  and  not  by  a  small  value,  but  of 
the  order  of  5000  compressions  as  against  200,000  for  a  piece  of 
simple  railroad  spring  steel.  I  should  say  under  these  circumstances, 
there  is  not  only  no  advantages  but  a  serious  disadvantage.  That 
disadvantage  apparently  does  not  hold  in  the  leaf  spring  on  account 
of  the  very  thin  section,  and  I  believe  on  account  of  the  inability  of 
the  very  thin  section  to  store  the  terrific  residual  stresses  of  the  long 
helical  spring.  One  reason  was  brought  out  by  the  American  Steel  and 
Wire  Company  in  x-ray  investigations  of  annealing.  It  was  found 
that  in  drawn  wire — that  is  the  material  in  small  helical  springs — 
the  annealing  temperature  to  remove  the  effect  of  the  cold  working 
has  to  be  very  high.  I  am  certain  from  the  report,  that  a  microscope 
will  not  tell  when  a  piece  of  drawn  wire  has  been  fully  annealed. 
Therefore,  a  great  deal  of  alloyed  material  has  been  put  into  service, 
heat  treated  with  the  stresses  remaining  from  the  original  cold¬ 
drawing  operation. 


SOIL  MECHANICS  APPLIED  TO  FOUNDATION 

DESIGN* 


By  Glennon  GilboyI 

Nature  of  the  Problem.  The  ultimate  criterion  governing  the 
amount  of  load  which  may  safely  be  applied  to  the  soil  supporting  a 
structure  is  the  amount  of  settlement  the  load  produces.  If  the  set¬ 
tlement  is  so  great  as  to  damage  the  structure,  the  load  is  excessive, 
no  matter  what  may  be  its  relation  to  the  ultimate  load  the  soil  will 
carry.  The  problem  of  safe  and  economical  foundation  design  there¬ 
fore  resolves  itself  into  the  problem  of  distributing  the  loads  on  the 
soil  in  such  a  manner  that  the  settlements  of  the  various  parts  of  the 
structure  will  not  be  excessive. 

Safe  Bearing  Value.  An  assumption  very  commonly  made  is 
that  for  any  given  soil  there  exists  a  definite  safe  load  intensity.  Upon 
this  assumption  are  based  the  tables  of  safe  bearing  values  for  soils 
found  in  building  codes.  This  method  apparently  reduces  foundation 
design  to  a  matter  of  routine.  From  a  scientific  standpoint,  however, 
it  has  many  objectionable  features.  Safe  bearing  values  are  not  based 
upon  a  knowledge  of  the  properties  and  behavior  of  soils,  but  upon 
the  experience  obtained  in  the  construction  of  existing  buildings. 
Their  validity  is  therefore  limited  to  one  particular  locality,  and 
further  limited  to  structures  similar  to  those  extant. 

Another  limitation  is  that  no  account  is  taken  of  the  manner  in 
which  the  load  is  applied.  The  ratio  of  the  depth  of  a  foundation  to 
its  diameter  has  a  marked  effect  on  its  settlement  under  a  given  load ; 
and  it  has  been  shown,  theoretically  and  experimentally,  that  the 
diameter  of  a  footing  is  an  important  factor.  In  cohesionless  soils, 
the  settlement  of  a  foundation  under  a  given  unit  load  is  practically 
independent  of  its  diameter ;  while,  in  soils  having  high  cohesion  and 
low  internal  friction,  the  settlement  under  a  given  unit  load  increases 
directly  with  the  diameter  of  the  loaded  area1.* 

*Presented  November  15,  1929.  Received  for  publication  May  7,  1930. 

■{■Assistant  Professor  of  Soil  Mechanics,  Massachusetts  Institute  of  Technology, 
Cambridge,  Mass. 

JSee  references  at  end  of  paper. 
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Finally,  the  method  presupposes  the  possibility  of  accurate  iden¬ 
tification  of  a  soil.  It  is  not  inconceivable  that  such  identification 
will  eventually  be  feasible;  but  at  present  it  consists  merely  of  a 
vague  general  description,  with  no  attempt  to  evaluate  the  funda¬ 
mental  physical  properties  of  the  material. 

Loading  Tests.  In  cases  where  there  is  felt  the  necessity  of  more 
reliable  information  than  that  afforded  by  tables  of  safe  loads,  studies 
of  the  load-settlement  relation  of  small  areas  are  often  made.  Load¬ 
ing  tests  have  a  very  definite  place  in  soil  mechanics  and  are  not  to  be 
lightly  dismissed.  In  the  absence  of  other  information,  however, 
their  results  may  be  very  misleading.  The  effect  of  the  depth- 
diameter  ratio  can  readily  be  studied  by  making  the  tests  in  pits.  The 
effect  of  diameter  on  settlement  is  a  somewhat  more  difficult  prob¬ 
lem.  If  a  one-foot  square  bearing  block  is  found  to  settle  l/y  inch 
under  a  load  of  three  tons  per  square  foot,  a  raft  foundation  100  feet 
square  under  the  same  load  may  settle  */2  inch,  or  several  feet,  depend¬ 
ing  on  the  character  of  the  soil.  This  effect  may  also  be  studied,  at 
greatly  increased  expense,  by  making  tests  on  different  areas;  but 
there  are  cases,  one  of  which  will  be  discussed  later,  wherein  the 
results  of  a  loading  test  bear  no  relation  whatsoever  to  the  settlement 
of  the  full-size  structure. 


Computation  of  Ultimate  Bearing  Capacity.  It  may  be  men¬ 
tioned  in  passing  that  theories  have  been  developed  whereby  the 
ultimate  bearing  capacity  of  a  soil  may  be  computed  if  its  cohesion 
and  its  angle  of  internal  friction  are  known.  In  the  theory  of  plastic 
flow,2  the  computation  is  based  on  an  analysis  of  the  deformations 
produced  by  a  load  applied  over  an  area  having  a  length  great  in 
proportion  to  its  width. 


Fig.  1  shows  a  cross-section  of  a  footing  resting  on  the  surface 
of  a  homogeneous  body  of  soil.  In  Fig.  1,  q  =  ( c  cot  </>-}-  sb  cot  B) 

(  J  S.n  ^  e  77  tan  ^  —  1  )  ,  in  which  q  —  ultimate  load  per  unit 
\  1  —  sin  <p  / 

area;  c  —  cohesion  of  soil;  <f>  —  angle  of  internal  friction  of  soil; 
s  =  weight  of  soil  per  unit  volume;  b  =  half  width  of  footing;  B  = 


7 r 

4 


The  soil  beneath  the  footing  is  divided  into  three  zones.  In 
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zone  I  the  material  is  compressed  and  forced  bodily  downward.  In 
zone  II  the  deformation  is  a  combination  of  radial  shear  and  rotation. 
Zone  III  moves  bodily  upward  and  outward. 


Fig.  2.  Failure  of  a  Foundation  on  Krey’s  Assumptions. 


Fig.  2  shows  a  similar  footing  in  which  the  computation  is  based 
on  Krey’s  method3.  For  the  sake  of  clearness,  the  unsymmetrical  case 
is  illustrated.  The  theory  is  also  applicable  to  symmetrical  failures. 
Zone  I  is  limited  by  a  circle  in  which  the  center  is  arbitrary,  and 

<p 

zone  II  by  a  tangent  to  this  circle  making  an  angle  of  45  degrees  —  — 

with  the  surface.  Zone  I  is  considered  to  rotate  about  its  center,  and 
zone  II  to  move  upward  and  outward  along  the  tangent,  movement 
being  resisted  by  the  shearing  strength  of  the  soil  along  the  interfaces. 
The  cohesion  and  friction  being  known,  it  is  possible  to  find  by  trial  a 
circle  which  will  give  a  minimum  value  of  the  load.  Fhe  computa¬ 
tions  can  be  best  handled  graphically,  and  are  comparatively  simple. 
The  results  agree  fairly  well  with  those  of  the  more  accurate  theory 
of  plastic  flow. 

These  theories  are  valuable  in  the  study  of  extreme  loading 
conditions,  but  they  fail  to  provide  means  of  solving  the  all-important 
problem  of  settlements. 
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Stress  Distribution  under  Loaded  Areas.  In  the  solution  of  prob¬ 
lems  involving  the  deformation  of  a  material  under  stress,  the  logical 
procedure  is,  first,  to  analyze  the  stresses  in  the  material,  and  next, 
to  evaluate  the  effects  of  these  stresses  in  terms  of  deformation. 
Analysis  of  the  stresses  under  a  foundation  is  a  far  more  complex 
affair  than  a  similar  analysis  of  a  truss.  Methods  are  at  hand,  how¬ 
ever,  whereby  such  an  analysis  can  be  made,  at  least  for  simple  cases. 

In  1885  Boussinesq4  published  a  mathematical  treatment  of  the 
problem  of  the  stresses  set  up  in  a  homogeneous  mass  of  infinite 
extent  by  a  load  applied  at  a  point  on  its  surface,  and  obtained  equa¬ 
tions  for  the  normal  and  shearing  stresses  at  any  point,  P,  in  the  mass. 
The  equations  were  somewhat  complicated  and,  therefore,  of  very 
limited  practical  value.  It  was  later  shown,5  however,  that  the  four 
stresses  determined  by  Boussinesq  were  very  nearly  equivalent  to  a 
single  stress  directed  along  the  radius  joining  the  point  P  with  the 
point  of  load  application.  If  the  length  of  this  radius  is  r,  and  the 
angle  it  makes  with  the  vertical  is  ty,  then  the  stress  intensity,  pn 
in  the  direction  of  the  radius  due  to  a  load  O  on  the  surface  is 


Fig.  3.  Stress  at  Any  Point  in  a  Soil  Mass  Due  to  Point 

Load  on  Surface. 

The  quantities  are  represented  diagrammatically  in  Fig.  3. 

If,  instead  of  a  concentrated  load  O  at  a  point,  the  stress  is  due 
to  a  load  q  per  unit  area  distributed  over  a  surface  S}  then  the  stress 
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conditions  at  the  point  P  are  determined  by  the  general  surface 
integral 


3q 

2tt 


cos 

o 

r~ 


dx  dy 


In  the  evaluation  of  this  integral,  account  must  be  taken  of  the 
fact  that  the  direction  of  pT  is  different  for  different  positions  of  the 
elementary  area  dx  dy. 

The  integral  has  been  evaluated'1  for  a  long  footing;  that  is,  one 
having  a  length  so  great  in  proportion  to  its  breadth  that  its  length 
may  be  considered  infinite.  An  approximate  solution  is  possible  for 
any  shape  by  dividing  the  loaded  area  into  small  squares,  or  rectan¬ 
gles  which  are  nearly  square,  and  considering  the  load  on  each  element 
to  be  applied  at  a  point.  It  has  been  found  by  trial  that  the  error 
of  this  method  is  small,  provided  the  longest  side  of  the  elementary 
rectangle  is  shorter  than  one-third  of  the  depth  to  the  level  at  which 
the  stress  is  being  investigated. 


By  this  method  the  pressure  distribution  on  any  horizontal 
plane  in  a  homogeneous  soil  mass  loaded  in  any  manner  can  be  com¬ 
puted  with  considerable  accuracy.  From  equation  (1)  it  is  evident 
that  the  vertical  component  of  stress  pv  at  point  P  is 


Pv 


3  Q  cos3 
2  7r  r1 


(3) 


Suppose  that  it  is  desired  to  compute  the  total  intensity  of  ver¬ 
tical  stress  at  a  point  Plf  located  at  a  distance  zx  below  the  bottom  of 
a  foundation  slab.  Consider  the  slab  to  be  divided  into  rectangles 
with  sides  a  and  b,  where  a  and  b  may  be  constant  or  not,  according 
to  convenience ;  that  is,  all  rectangles  may  be  of  the  same  size,  or  they 
may  differ  in  size,  the  essential  requirements  being  that  a  and  b  are 


or:  the  same  order  of  magnitude  (say  a  not  less  than  -y  and  not 
greater  than  2b),  and  that  neither  a  nor  b  is  anywhere  greater 
than-y.  Let  the  intensity  of  load  on  any  square  be  q ;  q  may  be  con¬ 


stant  over  the  whole  slab,  or  may  vary  from  point  to  point.  The  total 
load  on  any  square  is  qab. 

Place  the  origin  of  the  rectangular  co-ordinate  system  at  the 
point  Px  with  the  Z  axis  vertical,  and  the  X  and  Y  axes  in  such  a 
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position  as  to  make  computation  easy;  for  a  rectangular  slab,  they 
would  naturally  be  placed  parallel  to  the  edges.  Let  a,  y,  z1  be  the 
co-ordinates  of  the  central  point  of  any  one  of  the  elementary  rectan¬ 
gles.  A  typical  case  is  illustrated  in  Fig.  4. 


Fig.  4.  Vertical  Stress  at  Any  Point  in  a  Soil  Mass  Due  to 
Distributed  Load  on  Surface. 


From  the  geometrical  relations,  r~  —  x 2  -j-  y2  -f-  z2,  and 


~  \  3.  Hence,  from  equation  (3),  the  ver- 


cos3  = 

\  x2  -f-  y2  -(- 

tical  stress  intensity  at  px  due  to  the  load  on  any  one  of  the  rectan¬ 
gles  is 


3  qab  zx3 

2  7T  (a2  +  y2  +  z2)? 


(4) 


One  such  term  must  be  computed  for  each  rectangle.  Then  the 
total  stress  intensity,  p1,  at  the  point  in  question  will  obviously  be  the 
sum  of  all  these  terms.  Symbolically, 


Pi 


qabzx: 


2tt  ~  (x2  +  y2  +  Zl2)f 


(5) 
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If  P o,  P 3,  etc.,  are  other  points  on  the  same  level  as  Plt  the  same 
computation  can  be  performed  for  each  point,  resulting  in  values 
p2)  etc.,  for  the  stresses.  The  ordinates  plt  />2,  p3f  etc.,  define  a 
surface  which  represents  graphically  the  stress  distribution  over  the 
level  in  question. 

As  a  simple  illustration,  let  it  be  required  to  compute  the  stress 
distribution  on  a  level  60  feet  below  the  bottom  of  a  slab  30  by  40 
feet,  loaded  with  a  uniform  load  of  three  tons  per  square  foot.  The 
slab  can  be  divided  into  four  equal  rectangles,  15  by  20  feet,  which 
will  fulfil  the  conditions  previously  imposed.  The  load  is  thus  re¬ 


duced  to  four  point  loads  of  900  tons  situated  as  shown  in  Fig.  5. 
Consider  first  a  point,  P0 ,  on  the  given  level  directly  under  the  center 
of  the  slab.  Let  the  X  axis  be  parallel  to  the  long  side  of  the  slab. 
Since  the  loading  is  symmetrical  about  the  Z  axis,  the  total  stress  at 
P0  will  be  four  times  that  due  to  one  of  the  loads.  For  any  one  of 
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the  loads,  a  =  10  feet,  y  =  7.5  feet,  z1  =  60  feet;  hence  the  total 
stress  intensity,  p0 ,  is  given  by 

Po  =  4  X  %  X  900  X  (102  +  7.52  +  602)l  =  °'43  ton  per 

square  foot. 

In  a  similar  manner,  the  origin  of  co-ordinates  is  moved  suc¬ 
cessively  to  other  points  on  the  60-foot  level,  and  the  corresponding 
computation  made.  The  final  result  is  a  complete  representation  of 
the  stress  distribution  on  the  level  in  question,  indicated  diagram- 
matically  in  Fig.  5.  It  is  true  that  the  computations  are  somewhat 
tedious  and  may  occupy  considerable  time ;  but  the  essential  fact  is 
that  the  method  exists  and  can  be  utilized  to  advantage  whenever 
accurate  information  is  desirable. 

Compressibility  of  Soils.  The  next  step  is  the  investigation  of 
the  deformations  and  consequent  settlements  produced  in  the  soil  by 
the  computed  stresses.  From  a  general  standpoint,  this  phase  of  the 
problem  is  not  simple,  inasmuch  as  settlement  may  be  due  both  to 
lateral  displacement  and  to  compression  of  the  material.  The  pres¬ 
ent  analysis  will  be  limited  to  those  cases  in  which  volumetric  change 
is  the  principal  factor. 

A  soil  mass  consists  of  a  continuous  network  or  skeleton  of  solid 
grains,  the  voids  in  the  network  being  filled  with  air,  with  water,  or 
partly  with  air  and  partly  with  water.  The  decrease  in  volume  of 
such  a  mass  under  pressure  can  be  due  only  to  three  factors: 

1.  Compression  of  the  solid  matter. 

2.  Compression  of  the  liquid  in  the  voids. 

3.  A  decrease  in  the  volume  of  the  voids. 

Under  the  pressures  ordinarily  encountered  in  foundation  work, 
the  first  two  effects  are  negligible,  the  solid  grains  and  the  water 
being  relatively  incompressible;  hence  the  decrease  in  volume  of  the 
mass  may  be  considered  to  be  entirely  due  to  a  decrease  in  its  volume 
of  voids. 

If  a  sample  of  dry  sand  is  placed  in  a  shallow  steel  ring  resting 
on  the  bed  of  a  testing  machine,  and  a  load  applied  through  a  block 
slightly  smaller  in  diameter  than  the  ring,  the  sand  will  be  com¬ 
pressed  ;  that  is,  its  volume  of  voids  will  be  decreased.  This  is  the 
same  as  saying  that  a  certain  amount  of  air  is  forced  out  of  the 
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sample.  Since  there  is  practically  no  resistance  to  the  escape  of  the 
air,  compression  will  occur  almost  instantaneously.  If  the  soil  is  sat¬ 
urated,  the  compression  involves  forcing  out  a  certain  amount  of 
water.  The  resistance  of  sand  to  the  passage  of  water  is  relatively 
low,  so  that  again  the  compression  is  practically  instantaneous. 

If  a  similar  test  is  made  on  a  sample  of  saturated  clay,  the 
effects  are  similar  in  principle,  but  widely  different  in  detail.  In  the 
first  place,  the  decrease  in  volume  of  the  clay  is  many  times  greater 
than  that  of  the  sand  under  the  same  pressure.  Furthermore,  the  per¬ 
meability  of  the  clay  is  so  low  that  the  water  can  not  be  forced  out 
instantaneously;  the  compression  proceeds  slowly,  and  it  may  be  a 
day,  a  week,  or  a  month,  depending  on  the  nature  of  the  material  and 
the  size  of  the  sample,  before  the  change  in  volume  is  completed. 

Between  the  relatively  incompressible,  relatively  permeable 
sand,  and  the  highly  compressible,  impermeable  clay,  there  is  an 
infinite  variety  of  materials  exhibiting  infinite  variations  in  behavior 
under  pressure.  The  only  satisfactory  method  of  evaluating  the  com¬ 
pressibility  of  any  given  soil  is  bv  means  of  actual  tests. 

From  an  experimental  standpoint,  studies  of  sands  are  compara¬ 
tively  simple.  For  fine-grained,  compressible  soils  the  apparatus  shown 
in  half  section  and  half  elevation  in  Fig.  6  has  been  developed.  The 
soil  sample,  initially  in  a  saturated,  liquid  condition,  is  held  in  a  cyl- 


Fig.  6.  Consolidation  Apparatus. 
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inder  (2),  2 Y\  inches  in  diameter,  between  two  porous  disks.  The 
lower  disk  sets  in  the  base  (1),  free  water  passage  being  provided  by 
channels  below  the  disk  communicating  with  glass  stand-pipes  which 
are  open  to  the  atmosphere.  The  upper  disk  is  set  in  the  end  of  a  hol¬ 
low  piston  (5),  the  supporting  plate  being  perforated  to  permit  free 
passage  of  water  between  the  disk  and  the  interior  of  the  piston.  A 
stop  pin  (8)  is  provided  for  holding  the  piston  and  the  cylinder  to¬ 
gether  while  the  sample  is  being  introduced.  When  the  test  starts,  the 
pin  is  removed,  allowing  the  piston  to  slide  freely  within  the  cylinder. 
During  the  test  the  interior  of  the  piston  and  the  base  stand-pipes  are 
kept  filled  with  water  to  the  level  of  the  pinholes,  so  that  the  entire 
operation  proceeds  under  water. 

Load  is  applied  to  the  top  of  the  piston  and  transmitted  by  it 
directly  to  the  soil.  The  compression  of  the  soil  sample  is  measured  to 
the  nearest  hundred-thousandth  of  an  inch  by  means  of  two  Ames 
dials  (not  shown)  carried  on  a  dial  ring  (9)  with  their  plungers 
bearing  against  a  beam  (10)  integral  with  the  piston. 

By  applying  various  loads  to  the  soil,  and  noting  the  dial  read¬ 
ings  as  time  goes  on,  a  complete  representation  of  the  pressure-com¬ 
pression  and  time-compression  characteristics  of  the  soil  may  be 
obtained.  To  make  the  results  readily  applicable,  the  compression  is 
expressed  not  as  inches  or  centimeters,  but  as  a  change  in  voids  ratio 
(ratio  of  volume  of  voids  to  volume  of  solid).  The  results  of  a 
typical  standard  test  are  shown  in  Fig.  7  and  8.  Fig.  7  shows  the  pres¬ 
sure  and  voids  ratio  diagram  obtained  by  applying  a  total  load  of  3.2 
kilograms  per  square  centimeter  in  four  increments  and  then  remov¬ 
ing  it  in  the  same  increments.  Each  increment  of  load  is  allowed  to 
act  until  no  further  dial  movement  occurs;  that  is,  until  the  compres¬ 
sion  due  to  that  particular  increment  has  proceeded  to  completion. 
During  the  progress  of  the  compression  under  constant  load,  dial 
readings  and  time  readings  are  recorded.  The  total  compression  pro¬ 
duced  by  the  increment  of  load  is  taken  as  100  per  cent.,  and  the 
intermediate  dial  readings  are  plotted  on  this  basis  against  time, 
giving  a  time-compression  curve  of  characteristic  shape  as  shown  in 
Fig.  8.  The  results  of  this  test  thus  make  it  possible  to  determine  with 
considerable  accuracy  not  only  the  compression  which  will  be  pro¬ 
duced  by  a  given  increase  of  load,  but  also  the  rate  at  which  the 
compression  will  proceed. 


COMPetVION-  PfRCCKT 
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Fig.  7.  Typical  Results  of  a  Consolidation  Test. 


Fig.  8.  Typical  Results  of  a  Consolidation  Test. 


Simplest  Case.  Consider  the  30-  by  40-foot  raft  combination  pre¬ 
viously  mentioned,  designed  to  apply  a  pressure  of  three  tons  per 
square  foot  to  the  soil.  Assume  that  it  rests  on  a  more  or  less  homo- 
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geneous  deposit  of  dense  sand  and  gravel.  Thirty  feet  below  the  raft 
is  the  upper  surface  of  a  clay  deposit  10  feet  thick.  Below  this  to  an 
indefinite  depth  is  more  sand  and  gravel.  Ground  water  is  10  feet 
below  the  raft.  Assume  the  sand  and  gravel  to  weigh  110  pounds  per 
cubic  foot  dry,  and  70  pounds  per  cubic  foot  submerged.  Then  the 
pressure  of  the  overburden  on  the  clay  will  be  10  X  110  — |—  20  X  70 
=  2500  pounds  per  square  foot  =  1.25  tons  per  square  foot. 

The  stresses  on  the  surface  of  the  clay  can  be  computed  in  the 
same  manner  as  previously  illustrated  for  the  60-foot  level,  except 
that  it  will  be  necessary  to  divide  the  raft  into  12  squares  each  10 
feet  on  a  side,  corresponding  to  12  point  loads  of  300  tons  each.  The 
division  of  the  slab  and  the  computation  of  the  stress  at  a  point  on 


LOAD  ••  3  Tons  per  sq  ft 
over  entire  stab 


Fig.  9.  Stress  Computation. 

the  surface  of  the  clay  directly  under  the  center  of  the  slab  are  shown 
in  Fig.  9  and  Table  I.  From  Table  1  and  equation  (5),  the  stress  is 
3 

—  X  300  X  303  X  31.90  X  10-8  =  1*23  tons  per  square  foot.  In 

Z7T 

a  complete  analysis,  other  points  would  be  computed  in  the  same 
manner.  The  pressure  at  the  point  computed,  1.23  tons  per  square 
foot,  is  the  maximum  existing  on  the  clay  layer. 

Assume  that  borings  have  been  made  and  samples  of  the  clay 
extracted.  The  Boston  building  code  gives  as  a  safe  bearing  value 
for  “medium  stiff  or  plastic  clay”  four  tons  per  square  foot,  and  for 
“soft  clay  protected  against  lateral  displacement”  two  tons  per  square 
foot.  The  material  which  will  be  considered  later  would  probably 
fall  into  the  former  classification;  but,  even  if  it  were  termed  “soft,” 
the  actual  maximum  stress  is  well  within  the  allowable  limit.  By  the 
same  code,  compact  sand  and  gravel  can  be  loaded  to  six  tons  per 
square  foot ;  so  that,  according  to  the  regulations,  the  slab  as  designed 
should  be  more  than  safe. 
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TABLE  1.  COMPUTATION  OF  STRESS  AT  POINT  Pu,  30  FEET 

BELOW  CENTER  OF  SLAB 


Square 

X 

X2 

x2+y2  +  z2 

/ 

(x2  +  y2+z,2)-« 

y 

y* 

1 

15 

225 

1225 

1 . 90x1 0-8 

10 

100 

2 

5 

25 

1025 

2.98 

10 

100 

3 

5 

25 

1025 

2.98 

10 

100 

'  4 

15 

225 

1225 

1.90 

10 

100 

15 

225 

1125 

2.35 

o 

0 

0 

6 

5 

25 

925 

3.84 

0 

0 

7 

5 

25 

925 

3.84 

0 

0 

8 

15 

225 

1125 

2.35 

0 

0 

9 

15 

225 

1225 

1.90 

10 

100 

10 

5 

25 

1025 

2.98 

10 

100 

11 

5 

25 

1025 

2.98 

10 

100 

12 

15 

225 

1225 

1.90 

10 

100 

Total 

31.90x10-* 
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The  results  of  loading  tests  on  the  soil  would  undoubtedly  be 
very  reassuring.  Compact  sand  and  gravel  is  a  very  incompressible 
material.  A  rough  computation  will  show  that  as  far  as  loading  tests 
of  any  reasonable  size  are  concerned,  the  clay  layer  is  practically  non¬ 
existent.  If  a  load  100  per  cent,  greater  than  that  contemplated  is 
tested  on  an  area  of  four  square  feet,  the  maximum  stress  on  the  clay 


would  have  the  negligible  value  of  4  X  6  x  2  X 
ton  per  square  foot. 


1 

(30X 


0.0127 


Under  three  tons  per  square  foot,  the  loading  test  might  show  a 
settlement  of  the  bearing  block  of,  say,  inch.  The  soil  is  cohesion¬ 
less,  therefore  the  settlement  under  a  given  unit  load  is  practically 
independent  of  the  area.  The  designer  might  proportion  the  other 
members  of  the  structure  so  that  a  settlement  of  the  raft  of  Y\  inch, 
or  (being  very  conservative)  of  ^4  inch,  would  not  cause  serious 
stresses.  He  might  then  consider  the  problem  solved. 


Now  suppose  that  the  clay  samples  are  brought  into  the  labor¬ 
atory  and  tested  for  compressibility.  An  average  of  the  results  might 
be  as  represented  in  Fig.  10.  (The  values  used  herein  have  been  taken 
from  a  test  performed  at  Massachusetts  Institute  of  Technology  on  a 
sample  of  clay  from  the  Mississippi  Valley.)  At  (<2)  is  shown  the 
pressure  and  voids  ratio  relation.  From  this  curve  it  can  be  seen  that 
under  the  load  to  be  applied  the  voids  ratio  of  the  clay  under  the 
center  of  the  raft  will  eventually  decrease  from  1.335  to  1.150.  From 
the  results  of  time  observations,  a  curve  of  percentage  compression 
against  time  in  minutes  is  constructed,  as  shown  at  (b). 

To  apply  the  test  results  to  the  actual  case,  it  is  necessary  to 
introduce  the  “reduced  thickness,”  which  is  defined  as  the  thickness 
the  layer  would  have  if  all  the  solid  material  could  be  concentrated 
down  to  a  condition  of  zero  voids.  The  reduced  thickness  is  the  true 
thickness  divided  by  1  plus  the  voids  ratio.  The  reduced  thickness  of 
the  10-foot  layer  with  a  voids  ratio  of  1.335  is  evidently  10  -j-  2.335, 
or  4.28  feet.  Then  the  true  thickness  of  the  same  layer  at  a  voids 
ratio  of  1.150  would  be  4.28  X  2.150,  or  9.2  feet;  hence  the  total 
settlement  under  the  center  of  the  slab  will  be  0.8  foot,  or  9.6  inches-. 
Using  this  value  as  100  per  cent.,  the  auxiliary  vertical  scale  of  settle¬ 
ment  in  inches  is  laid  off  on  (b). 
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Fig.  10.  Settlement  Diagrams. 


The  theory  of  the  consolidation  process7  shows  that  the  rates  of 
compression  of  two  layers  of  the  same  material  under  the  same  pres¬ 
sure  conditions  are  inversely  proportional  to  the  squares  of  the 
reduced  thicknesses  of  the  layers.  The  reduced  thickness  of  the  sam¬ 
ple  in  the  test  was  0.386  centimeter,  or  0.0127  foot;  hence  one  hour 

(4.28) 


in  the  test  corresponds  in  the  10-foot  layer  to 


=  114,000 


(0.012) 

hours,  or  12.9  years.  It  is  thus  possible  to  construct  the  auxiliary 
horizontal  scale  of  time  in  years  for  the  10-foot  layer,  as  shown  at 
( b )  in  Fig.  10. 
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Further  comment  on  the  diagram  is  hardly  necessary.  Due  to 
the  slow  rate  at  which  consolidation  proceeds,  the  settlements  ob¬ 
served  during  construction  would  probably  be  comparatively  small ; 
but  they  would  continue  as  time  went  on,  and  in  a  relatively  short 
span  of  years  would  amount  to  several  inches.  The  safe  bearing 
value,  the  results  of  the  loading  tests,  and  the  assumed  allowable 
settlement  of  34  or  /4  inch  would  be  quite  meaningless. 

An  Actual  Case.  The  conditions  assumed  in  the  foregoing  illus¬ 
tration  are  admittedly  of  the  type  which  most  easily  yield  to  analysis. 
The  occurrence  of  similar  cases,  however,  is  not  at  all  uncommon. 


Fig.  11.  Settlements  of  Existing  Building  Due  to  Slow  Consolidation 

of  Clay  Layer. 


One  very  striking  example  is  shown  in  Fig.  11.  When  a  group  of 
buildings  was  designed,  it  was  considered  of  utmost  importance  to 
have  a  first-class  foundation.  The  foundation  was  designed  to  con¬ 
form  to  the  following  criteria : 

1.  The  maximum  allowable  settlement  to  be  ]/\  inch. 

2.  A  settlement  of  ^2  inch,  or  over,  to  be  considered  failure. 
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Elaborate  loading  tests  were  carried  out  on  piles  of  various  ma¬ 
terials,  sizes,  shapes,  and  lengths,  and  from  the  results  the  piling  was 
proportioned  so  that  the  specifications  would  be  fulfilled. 

During  construction,  all  went  well,  hut  the  succeeding  years  told 
a  different  story.  At  the  end  of  1 1  years,  the  maximum  settlement 
was  7*/2  inches;  the  minimum  one  inch — a  differential  settlement 
of  6]/2  inches.  The  central  section  was  slightly  heavier  than  the 
others,  and  at  this  point  the  sand  layer  was  thin.  As  an  added  meas¬ 
ure  of  safety,  this  section  was  supported  on  long  piles  driven  deep 
into  the  clay.  Here  the  maximum  settlement  was  observed;  not  so 
much  on  account  of  the  greater  load  as  on  account  of  the  fact  that  the 
load  was  transmitted  directly  to  the  clay  by  the  piles,  consequently 
speeding  up  the  consolidation  process.  The  same  effect  can  be  seen 
at  other  points  where  the  piles  throw  the  load  directly  into  the  clay. 

The  designers  of  this  project  are  not  to  be  censured.  They  took 
all  possible  care  and  every  known  precaution  to  insure  a  first-class 
piece  of  work.  The  unsatisfactory  results  were  due  to  the  fact  that 
they  did  not  have  at  their  disposal  any  information  regarding  the 
mechanics  of  soils  which  would  afford  a  basis  for  predicting  the 
behavior  of  the  structure. 

Conclusion.  This  discussion  is  not  intended  to  convey  the  im¬ 
pression  that  foundation  problems  are  relatively  simple.  Long-con¬ 
tinued  theoretical  and  experimental  studies  will  have  to  be  pursued 
before  the  complexities  of  soils  are  understood.  An  essential  element 
in  these  studies  is  the  recording  and  analysis  of  observations  on  the 
settlements  of  existing  buildings.  The  required  data  include: 

1.  A  load-progress  diagram. 

2.  Level  readings  on  a  number  of  points  of  the  structure  at  vari¬ 
ous  times  during  and  after  construction. 

3.  A  geological  profile  of  the  underground. 

4.  A  few  tests  on  the  physical  properties  of  the  soil  in  different 
strata. 

The  accumulation  of  such  data  could  readily  be  made  part  of 
every  important  piece  of  work  without  adding  appreciably  to  the  cost 
of  construction.  If  information  of  this  type  were  available  from  a 
great  number  of  sources,  it  would  immeasurably  increase  the  rate  of 
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progress  toward  the  ultimate  goal  of  safe,  sound,  and  economical 

foundation  design. 
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OPEN-HEARTH  COMBUSTION* 

By  W.  P.  Chandler,  Jr.I 

The  maintenance  of  proper  combustion  in  an  open-hearth  steel 
furnace  is  not  greatly  different  from  that  for  any  combustion  unit. 
However,  the  high  temperature  at  which  the  bath  must  be  main¬ 
tained  and  the  effect  of  direct  contact  of  the  products  of  combustion 
on  the  brickwork  or  the  materials  in  the  bath  produce  conditions 
requiring  careful  study  if  a  maximum  economical  use  is  to  be  made 
of  the  fuel  fired.  It  will  be  recalled,  for  instance,  that  Siemens  in 
his  original  development  of  the  open-hearth  steel  furnace  using  pro¬ 
ducer  gas  as  fuel,  was  unsuccessful  in  his  attempts  until  he  preheated 
the  air  and  thus  obtained  the  high  flame  temperature  necessary  for 
his  process.  Somewhat  later  Prof.  H.  H.  Campbell  in  his  “Manu¬ 
facture  and  Properties  of  Structural  Steel"*  made  the  statement  that 
the  problem  in  an  open-hearth  furnace  was  not  to  reach  the  desired 
temperature  but  to  control  the  temperature  and  prevent  the  roof  and 
walls  from  melting  down. 

The  present  paper  will  endeavor  to  point  out  the  various  factors 
concerning  combustion  which  have  to  be  considered  if  proper  econom¬ 
ical  operation  of  a  furnace  is  to  be  obtained.  The  heat  requirements 
of  the  process,  the  relative  value  of  the  fuels  to  be  used,  the  various 
methods  which  may  be  employed  to  insure  maximum  conditions,  and 
the  proper  port  and  furnace  design  which  will  guard  against  serious 
damage  to  refractories  or  materials  in  the  bath,  must  all  be  given  due 
weight  in  any  study  of  open-hearth  combustion. 

Heat  Requirements.  The  term  heat  requirement  as  applied  to  an 
open-hearth  furnace  is  an  indefinite  quantity.  Different  companies 
report  heat  consumption  per  ton  of  ingots  produced  varying  from 
3,500,000  to  7,500,000  B.t.u.,  so  it  is  apparent  that  local  conditions 
of  design,  operation  and  accounting  have  enormous  hearing  on  the 
requirement. 

A  very  careful  analysis  of  the  heat  requirements  of  an  open- 
hearth  furnace  is  given  by  Mr.  Waldemar  Dyrssen  in  discussion  of  a 
paper  by  Kinney  and  McDermott  in  the  1922  Year  Book  of  the 
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American  Iron  and  Steel  Institute  (p.  464).  The  analysis  covers  the 
operation  of  a  producer-gas-fired  furnace  producing  80  gross  tons  of 
ingots  per  heat  and  using  60  per  cent,  of  the  metallic  charge  in  the 
form  of  hot  pig-iron.  It  is  shown  that  the  net  heat  requirement  of  the 
bath,  including  the  sensible  heat  added  plus  that  required  for  chem¬ 
ical  reactions  minus  that  produced  by  chemical  reactions,  amounts  to 
230,000  B.t.u.  per  gross  tons  of  ingots.  This  value,  less  than  one- 
quarter  of  a  million  B.t.u.  per  ton,  is  the  heat  requirement  of  the 
process  as  far  as  the  metallurgical  demands  are  concerned.  Under 
such  conditions  the  fuel  efficiency  of  the  furnace — that  is,  the  efficiency 
based  on  the  heat  absorbed  from  the  producer  gas — divided  by  the 
heat  supplied  to  the  furnace  by  the  producer  gas  is  four  per  cent. 
While  this  value  is  the  true  fuel  efficiency  of  the  furnace,  the  usual 
efficiency  for  open-hearth  furnaces  is  the  20.9  per  cent,  shown  by  Mr. 
Dyrssen  as  the  gross  efficiency.  This  is  based  on  the  heat  required  in 
the  bath  for  sensible  heat  and  chemical  reactions  divided  by  the  heat 
in  the  producer  gas  to  the  furnace,  plus  the  heat  generated  by  the 
oxidation  processes  in  the  bath. 

A  heat  balance  based  on  the  above  data  for  the  melting  chamber 
and  port  ends  is  given  in  Table  I. 


TABLE  I.  HEAT  BALANCE  FOR  HEARTH  OF  80-TON  FURNACE 

Million 
B.t.u. 
per  heat 

Per  cent. 

Producer  gas  to  melting  chamber . 

Air  to  melting  chamber . 

465 . 0 
149.2 
93.4 

707.6 

65.7 

21.1 

13.2 

100.0 

Heat  from  chemical  reactions  in  charge . 

Total  heat  input . 

Sensible  heat  added  to  charge . 

Heat  required  for  chemical  reactions  in  bath . 

Heat  radiated  from  melting  chamber  and  port  ends.  .  . 
Heat  to  cooling  water  in  melting  chamber  and  port  ends 
Heat  in  waste  gases  from  chamber . 

Total  heat  output . 

82.9 

28.9 

63.9 
70.6 

461.3 

707.6 

11.7 

4.1 

9.0 

10.0 

65.2 

100.0 

It  will  be  noted  that  the  heat  actually  required  metallurgically 
consists  of  the  sensible  heat  added  to  the  charge  and  the  heat  required 
for  chemical  reactions,  and  amounts  to  11.7  per  cent,  plus  4.1  per 
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cent.,  or  15.8  per  cent.  As  a  partial  source  of  this  heat  requirement 
there  is  generated  in  the  bath  by  chemical  action  (principally  oxida¬ 
tion)  13.2  per  cent.,  leaving  2.6  per  cent,  of  the  total  heat  to  be 
supplied  by  the  fuel.  With  an  actual  heat  requirement  of  such  a 
small  amount,  the  reduction  of  the  losses  becomes  of  the  utmost 
importance. 

With  a  sharp-working  furnace,  the  waste  gases  leaving  the  fur¬ 
nace  must  be  maintained  close  to  3000  degrees  F.  and  any  reduction 
in  this  temperature  means  a  slowing  up  of  the  operation.  For  a  given 
fuel  the  only  method  available  for  reducing  the  loss  through  waste 
gases  is  a  reduction  in  the  amount  of  waste  gases  by  maintaining  com¬ 
bustion  at  as  nearly  theoretical  proportions  as  possible.  The  fuel 
having  the  smallest  amount  of  waste  gas  per  heat  unit  developed  will 
produce  the  lowest  loss  through  waste  gas. 

The  radiation  and  water-cooling  losses  for  a  given  furnace  are 
a  constant  quantity  per  hour,  so  any  reduction  in  time  of  heat  reduces 
these  losses  per  ton  of  ingots  produced.  The  reduction  in  time  of  heat 
is  normally  accomplished  by  an  increase  in  the  rate  of  heat  transfer 
from  the  fuel  to  the  bath  due  to  the  maintenance  of  a  higher  combus¬ 
tion  temperature.  Such  an  increase  in  combustion  temperature  is 
dependent  on  the  fuel  used,  the  degree  of  preheat,  the  quantity  of  air 
used  for  combustion,  and  the  design  of  the  port  or  burner.  The  influ¬ 
ence  of  these  various  factors  will  be  discussed  later. 

Fuels.  The  selection  of  the  fuel  to  be  used  in  any  individual 
open-hearth  plant,  while  primarily  an  economic  one,  becomes  usually 
one  of  availability.  The  Pittsburgh  territory  developed  as  a  steel- 
producing  center  mainly  with  the  aid  of  the  natural  gas  present  in  the 
district.  Along  the  Atlantic  seaboard  and  in  the  Chicago  district,  the 
choice  between  fuel-oil  and  producer  gas  changed  back  and  forth  with 
the  market  price  of  coal  and  oil  delivered  at  the  plant.  In  recent 
years  the  development  of  the  by-product  coke  industry  has  produced 
supplies  of  coke-oven  gas  and  tar  which  are  wholly  or  partly  con¬ 
sumed  by  the  open-hearth  furnaces  operated  in  proximity  to  the  ovens. 
The  use  of  blast-furnace  gas  mixed  in  various  proportions  with  coke* 
oven  gas  will  probably  find  a  wide  application  in  the  next  few  years. 

Of  the  various  fuels  which  may  be  applied  to  open-hearth  fur¬ 
naces,  certain  physical  and  chemical  properties  of  each  must  receive 
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due  consideration,  if  the  application  is  to  be  wholly  successful.  Table 
II  has  been  prepared  to  indicate  a  comparison  of  the  chemical  analysis 
and  combustion  requirements  of  the  various  fuels  normally  met  with 
in  open-hearth  furnace  practice. 


TABLE  II.  COMPOSITION  OF  FUELS 


Natural 

Coke- 

Producer 

Producer 

K  coke 
oven 

Coke- 

Fuel 

gas 

oven 

gas 

gas— 

Rich 

gas— 

Lean 

2/z  blast 
furnace 

oven 

tar 

oil 

f  %co2 

0.2 

1.5 

4.5 

6.83 

9.2 

! 

c2h4 

0.4 

0.43 

1 

Illuminants 

3.4 

0.5 

1.1 

Analysis  | 

CO 

5.9 

25.8 

21.74 

19.2 

by  \  1 

ch4 

77.7 

29.7 

2.8 

3.60 

9.9 

volume 

1 

c2h6 

19.4 

1.1 

0.4 

h2 

57.0 

12.6 

12.77 

21.5 

1 

N2 

2.3 

0.7 

53.8 

54.63 

38.5 

J 

HoS 

0.7 

0.2 

Heat  value  (B.t.u.  cu.  ft. 

or  g 

al.) 

Net.. 

1030 

528 

152 

144 

238 

150.300 

155.300 

138,500 

146,600 

Gross . 

1138 

592 

161 

155 

260 

Weight  lb.  1  cu.  ft.  or  gal. 

0.05079 

0.02679 

0.06648 

0.06711 

0.06028 

9.5 

7.7 

| 

(%C 

73.7 

56.3 

16.4 

15.6 

22.0 

86.7 

84.6 

Analysis 

by 

weight 

Ho 

22.6 

25.5 

1.5 

1.7 

4.0 

6.0 

10.9 

Oo 

0.3 

14.1 

22.2 

22.3 

26.4 

3.1 

2.9 

r 

1  n2 

1  s 

3.4 

1.9 

2.2 

59.9 

60.4 

47.3 

0.3 

0.1 

0.8 

1.6 

j 

HoO 

3.2 

Heat  value  (B.t.u.  1  lb.) 

Net.. 

20,280 

22,400 

19,684 

22,076 

2,279 

2,425 

2,138 

2,293 

3,950 

4,329 

15,827 

16,341 

17,991 

19,026 

Gross . 

Theoretical  air 

requirements 

Cu.  ft.  per  cu.  ft.  or  gal.  fuel 

10.74 

5 . 15 

1.27 

1.23 

2.19 

1490 

1360 

Lb.  per  cu.  ft.  or  gal.  fuel 

0.8230 

0.3955 

0.0952 

0.0945 

0.1676 

114.0 

104.0 

Lb.  per  lb.  of  fuel . 

16.20 

14.78 

1.44 

1.41 

2.78 

12.0 

13.5 

Lb.  per  million  net  B.t.u. 

798 

748 

625 

657 

704 

758 

752 

Products  of  theoretical 

combustion 

Analysis 

by 

volume 

fCOo 

10.0 

8.1 

16.5 

16.0 

14.0 

16.0 

13.7 

L  , 

HoO 

18.1 

21.9 

9.3 

10.1 

15.1 

10.7 

13.9 

i 

No 

S02 

71.9 

0 

69.9 

0.1 

74.2 

0 

73.9 

0 

70.7 

0.2 

73.2 

0.1 

72.3 

0.1 

Lb.  per  cu.  ft.  (products) 

0.738 

0.0724 

0.0778 

0.0786 

0.0762 

0.0781 

0.0765 

Cu.ft.percu. 

ft.  or  gal.  fuel 

11.837 

5.842 

2.079 

2.058 

2.988 

1618 

1490 

Lb.  per  cu.  ft.  or  gal.  fuel 

0.8738 

0.4223 

0.1617 

0.1616 

0.2279 

126.1 

114.0 

Lb.  per  lb.  of  fuel . 

17.20 

15.78 

2.44 

2.41 

3.78 

13.30 

14.8 

Lb.  per  million  net  B.t.u. 

847 

799 

1063 

1123 

957 

838 

823 
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In  addition  to  the  chemical  analysis  which  fixes  the  heating  value 
of  the  various  fuels,  certain  physical  qualities  greatly  affect  the  char¬ 
acter  of  the  flame  produced  in  the  furnace.  During  the  melting  down 
period  of  the  heat  a  short,  sharp  flame  results  in  the  fastest  working 
furnace;  but,  from  the  time  the  heat  is  under  cover,  a  reasonably 
long  luminous  flame  passing  close  to  the  surface  of  the  bath  produces 
the  best  results. 

Liquid  Fuels.  In  the  case  of  the  liquid  fuels,  such  as  oil  or  tar, 
a  luminous  flame  is  characteristic,  while  the  position  of  the  flame  in 
the  furnace  is  readily  controlled  by  the  pressure  of  the  atomizing 
medium  and  the  position  of  the  burner,  since  the  force  of  the  moving 
stream  of  atomized  fuel  is  sufficient  to  determine  the  flame. 

Producer  Gas.  Producer  gas  carries  small  particles  of  carbon  as 
dust  in  suspension  out  of  the  producer,  and  in  passing  through  the 
gas  checker  it  is  still  further  enriched  in  carbon  particles  by  the 
cracking  of  some  of  the  hydrocarbon  constituents  of  the  gas.  As  a 
result  of  the  carbon  particles  carried  by  the  gas,  a  producer-gas  flame 
is  luminous. 

By  referring  to  "Fable  II  it  will  be  noted  that  1.4  pounds  of  air 
per  pound  of  gas  are  required  for  perfect  combustion.  Due  to  the 
fact  that  the  weights  of  air  and  gas  are  nearly  the  same  it  is  rela¬ 
tively  easy  to  design  a  gas  port  which  will  give  the  gas  stream  such 
velocity  and  direction  that  it  can  impart  the  necessary  force  to  the  air 
stream  required  to  produce  the  desired  flame  in  the  furnace.  The 
important  factor  to  be  considered  in  a  gas  port  is  the  ability  to  main¬ 
tain  the  port  lines  throughout  the  life  of  the  furnace. 

Mixed  Blast-Furnace  and  Coke-Oven  Gas.  In  the  case  of  a  fuel 
consisting  of  a  mixture  of  blast-furnace  and  coke-oven  gases,  a  con¬ 
dition  exists  which  is  somewhat  analogous  to  producer  gas  as  far  as 
direction  and  position  of  the  flame  in  the  furnace  are  concerned,  the 
velocity  and  weight  of  the  gas  stream  being  sufficient  to  determine  the 
position  of  the  flame  in  the  furnace.  The  production  of  a  luminous 
flame  can  be  accomplished  by  improper  mixing  of  air  and  gas  and  a 
deficiency  of  air  supply,  but  such  procedure  results  in  a  lowering  of 
the  flame  temperature  and  a  slowing  up  of  the  furnace.  A  more 
feasible  means  of  producing  a  luminous  flame  has  been  developed  as 
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the  result  of  recent  experiments  made  abroad,  particularly  in  Ger¬ 
many.  These  experiments  conducted  with  a  mixture  of  blast-furnace 
and  coke-oven  gas  have  shown  that  with  sufficient  preheat  the  hydro¬ 
carbons  can  be  dissociated  so  as  to  produce  enough  carbon  particles 
in  the  form  of  soot  to  give  luminosity  to  the  flame.  The  old  theory 
maintained  that  rhe  cracking  of  hydrocarbons  in  checker  chambers 
would  result  in  depositing  soot  and  clogging  the  chambers.  Actual 
experience  has  shown  that  the  soot  or  carbon  particles  are  not  depos¬ 
ited,  but  pass  along  with  the  gas  stream  into  the  furnace.  The  experi¬ 
ments  indicate  that  a  relatively  high  preheat  for  the  mixed  gas  (2200 
degrees  F.  or  over)  is  required  if  the  proper  cracking  of  hydrocarbons 
is  to  be  accomplished. 

Coke-Oven  Gas.  By  reference  to  Table  II  it  will  be  noted  that 
nearly  fifteen  pounds  of  air  are  required  to  burn  one  pound  of  coke- 
oven  gas.  For  this  reason  it  has  been  found  impossible  to  give  direc¬ 
tion  or  position  to  the  flame  in  the  furnace  by  any  manipulation  of 
the  gas-burner  alone.  Practice  has  shown  that  the  design  of  the  air 
port  is  the  main  factor  in  obtaining  the  desired  position  of  the  flame 
in  the  furnace.  Under  such  conditions  the  gas-burner  becomes  a 
means  for  properly  bleeding  the  coke-oven  gas  into  the  air  stream  so 
as  to  obtain  intimate  mixture  and  quick  ignition,  without  damage  to 
the  roof  of  the  incoming  port.  With  such  construction,  it  is  possible 
to  produce  a  very  sharp  cutting  flame  which  results  in  rapid  melting. 
The  inability  of  this  method  to  produce  a  luminous  flame  in  close 
proximity  to  the  surface  of  the  bath  has  caused  some  operators  to 
introduce  a  little  tar  or  oil  with  the  gas  after  the  melting  process  is 
complete. 

The  necessity  for  a  luminous  flame  is  determined  to  a  great 
extent  by  the  character  of  the  charge;  that  is,  the  relative  percentages 
of  pig-iron  and  scrap.  With  a  high  percentage  of  pig-iron  (60  to  65 
per  cent.),  the  bath  has  a  great  tendency  to  foam,  and  the  simplest 
way  of  preventing  the  foam  from  slowing  up  the  working  of  the 
furnace  is  to  use  some  tar  or  oil.  With  a  pig-iron  value  under  45 
per  cent,  of  the  charge,  the  formation  of  foam  does  not  become  a 
factor,  and  the  need  for  luminosity  during  the  later  part  of  the  heat 
is  not  so  pronounced.  A  number  of  plants  have  used  coke-oven  gas 
alone  as  fuel  with  such  a  charge  and  obtained  very  satisfactory  results. 
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Furnaces  operating  with  coke-oven  gas  alone  and  a  high  pig-iron 
charge  maintain  a  higher  furnace  temperature  throughout  the  heat 
than  is  normally  considered  good  practice  with  the  resultant  decrease 
in  life  of  roof.  However,  reasonable  life  is  obtained  with  a  good  fuel 
consumption  per  ton. 

Coke-oven  gas  may  contain  considerable  sulphur  in  the  form  of 
hydrogen  sulphid.  The  action  of  the  sulphur  on  the  fuel  has  been 
very  thoroughly  covered  by  Mr.  A.  N.  Diehl  in  his  paper  on  “Action 
of  Sulphur  in  Basic  Open-Hearth  Steel  Practice’’  published  in  the 
1926  Year  Book  of  the  American  Iron  and  Steel  Institute  (p.  404). 
The  author  points  out  that  in  a  reducing  atmosphere  sulphur  will  be 
absorbed  from  the  flame  by  both  the  scrap  and  the  slag,  but  that  in 
an  oxidizing  atmosphere  the  opposite  effect  is  obtained.  The  elimina¬ 
tion  of  the  sulphur  absorption  from  the  fuel  in  the  open-hearth  fur¬ 
nace  lies  in  proper  combustion.  If  the  design  of  the  port  and  the 
placing  of  the  burner  are  correct  to  give  intimate  mixing  and  rapid 
combustion,  very  little  flame  will  be  present  in  the  furnace  and  prac¬ 
tically  no  sulphur  absorption  by  the  bath  will  take  place. 

Xatural  Gas.  The  physical  characteristics  of  natural  gas  are 
very  similar  to  those  of  coke-oven  gas.  The  direction  and  position  of 
the  flame  in  the  furnace  are  dependent  almost  entirely  on  the  air 
stream  and  are  controlled  by  the  design  of  the  air  port.  The  usual 
method  of  burning  natural  gas  consists  of  having  the  air  port  give 
the  desired  position  of  flame  and  introducing  the  gas  into  the  air 
stream  from  two  opposed  pipes  extending  through  the  side  walls  of 
the  port  directly  in  front  of  and  slightly  below  the  bridge  wall.  In 
this  system  a  considerable  amount  of  premixing  may  be  accomplished, 
or  a  long  luminous  flame  may  be  produced.  During  recent  years  a 
number  of  plants  have  introduced  the  gas  through  one  burner  extend¬ 
ing  through  the  bulkhead  and  part  way  across  the  air  uptake  into  the 
port  of  the  furnace.  Such  a  method  requires  the  accurate  placing  of 
the  burner,  but,  when  properly  located,  gives  a  very  intimate  mixture 
of  gas  and  air  with  very  early  ignition,  short  flame,  and  high  flame 
temperature. 

Methods  of  Increasing  Flame  Temperature.  In  open-hearth  fur¬ 
nace  practice,  only  the  heat  developed  above  the  temperature  of  the 
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materials  in  the  bath  is  available  for  absorption.  Also  the  higher  the 
flame  temperature  the  greater  is  the  rate  of  heat  transfer,  and  conse¬ 
quently  the  shorter  the  time  required  for  making  a  heat  of  steel.  For 
best  operation  it  becomes  essential  that  the  flame  temperature  be 
maintained  at  as  high  a  point  as  possible  consistent  with  furnace  life. 
The  principal  factors  which  determine  flame  temperature  in  any  com¬ 
bustion  process,  in  addition  to  calorific  value  of  fuel,  are  the  amount 
of  preheat  or  sensible  heat  of  fuel  and  air,  quantity  of  air  used  for 
combustion,  and  the  intimacy  of  mixture  of  fuel  and  air. 

Value  of  Preheating  Air  and  Gas.  Table  III  has  been  prepared 
to  show,  for  the  different  fuels  shown  in  Table  II,  the  theoretical 
flame  temperatures  obtained  with  varying  amounts  of  preheat  for  fuel 
and  air. 

It  will  be  noted  that  the  percentage  of  heat  in  the  fuel  available 
for  absorption  in  the  open-hearth  furnace  has  been  shown  in  addition 
to  flame  temperature.  The  average  temperature  of  the  bath  of  an 
open-hearth  furnace  is  approximately  3000  degrees  F.,  so  that  only 
such  heat  as  is  developed  above  this  point  is  available  for  transfer 
from  the  flame  to  the  bath.  The  values  shown  were  calculated  on 
this  basis.  The  marked  increase  in  available  heat  with  an  increase  in 
air  preheat  is  very  evident. 

In  order  to  obtain  high  preheat  it  is  essential  that  the  waste 
gases  leaving  the  hearth  of  the  furnace  reach  the  checker  chamber 
with  a  minimum  of  heat  lost  to  radiation,  and  also  that  loss  of  tem¬ 
perature  due  to  dilution  by  cold  infiltrated  air  be  prevented.  Mr.  T. 
J.  McLoughlin  in  his  paper,  “Theory  and  Application  of  Regenera¬ 
tive  Principles  in  the  Steel  Industry,'’  published  in  the  1929  Year 
Book  of  the  American  Iron  and  Steel  Institute  (p.  159),  points  out 
the  great  loss  in  temperature  which  results  from  infiltration  of  air. 
With  proper  insulation  of  checker  chamber  and  flues  the  air  infiltra¬ 
tion  and  heat  radiation  can  be  very  materially  reduced  from  the 
amounts  existing  with  present  open-hearth  construction. 

Mr.  McLoughlin  has  also  covered  very  capably  the  design  of 
the  checker  chambers.  He  points  out  the  need  for  materially  increas¬ 
ing  the  heating  surface  available  for  preheating  the  air,  and  in  addi¬ 
tion  calls  attention  to  the  great  tendency  towards  channeling  ■which 
exists  in  many  brick  checker  chambers.  The  problem  of  dust  deposits 
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also  materially  affects  the  design,  so  that  the  proper  design  of  checker 
chamber  which  gives  the  best  average  heat  interchange  during  the  life 
of  a  furnace  is  a  compromise  between  that  which  will  give  the 
best  theoretical  heat  interchange  and  that  which  will  remain  open  to 
the  passage  of  gas  throughout  the  campaign. 

With  the  introduction  of  heat-resisting  alloy  steel  as  a  material 
for  building  air  regenerators,  it  is  possible  to  design  means  for  pre¬ 
heating  the  air  which  will  eliminate  these  difficulties.  The  installa¬ 
tion  would  comprise  a  metal  regenerator  operating  in  series  with  the 
brick  checker  chambers.  The  waste  gases  pass  first  through  the  brick 
chambers  and  then  through  the  metal  regenerator,  while  the  cold  air 
going  to  the  furnace  is  partly  heated  in  the  metal  regenerator  before 
passing  on  through  the  brick  checkers  to  the  furnace.  Such  an 
installation  is  shown  in  Fig.  1.  The  brick  checker  chambers  can  be 


Fig.  1.  Continuous  Regenerative  Air  Heater. 


designed  to  prevent  clogging  with  dust  and  with  only  sufficient  heat¬ 
ing  surface  to  absorb  the  peak  temperatures  from  the  hot  waste  gases, 
with  the  metal  regenerator  receiving  the  waste  gases  after  they  have 
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passed  the  brick  checkers.  In  this  way  a  large  amount  of  heating  sur¬ 
face  can  he  made  effective  within  a  small  floor  space,  and  temperatures 
much  in  excess  of  present  air  temperatures  obtained. 

In  many  plants  at  present,  the  size  of  heats  from  given  furnaces 
has  been  gradually  increased  so  that  even  if  the  checker  surface  orig- 
inallv  provided  was  sufficient,  the  increased  production  has  rendered 
it  entirely  inadequate.  In  such  plants  the  use  of  metal  regenerators 
to  increase  the  present  heating  surface  provides  a  simple  and  econom¬ 
ical  means  of  obtaining  higher  air  preheat  with  consequent  lower  fuel 
consumption  per  ton  of  ingots. 

The  use  of  blast-furnace  gas  and  coke-oven  gas  mixtures  as  fuel 
for  open-hearth  furnaces  necessitates  the  preheating  of  the  fuel  gas 
as  well  as  the  air.  The  air  required  for  combustion  of  such  fuels  can 
not  absorb  sufficient  heat  from  the  waste  gases  to  give  a  low  stack 
temperature  and  economical  furnace  operation.  It  is  also  essential  to 
preheat  both  fuel  and  air  in  order  to  maintain  the  desired  furnace 
temperatures  with  a  minimum  of  coke-oven  gas  in  the  mixture.  In 
addition,  it  has  been  pointed  out  that  the  coke-oven  gas  requires  high 
preheating  in  order  to  crack  the  hydrocarbons  and  produce  a  lumi¬ 
nous  flame. 

Furnace  Regulation.  The  flame  temperature  of  any  fuel  is 
reduced  by  the  presence  of  excess  air  over  that  required  for  theoretical 
combustion.  However,  the  higher  the  preheat  applied  to  the  air  the 
less  detrimental  does  the  excess  air  become.  On  the  basis  of  available 
heat  above  3000  degrees  F.,  the  curves  shown  in  Fig.  2  have  been 
calculated  for  natural  gas  and  coke-oven  gas. 

The  curves  show  the  decrease  in  available  heat  which  accom¬ 
panies  an  increase  in  excess  air.  It  will  be  noted  that  the  decrease  is 
much  more  marked  for  the  condition  of  low  preheat.  The  curves  point 
out  the  necessity  for  high  preheat  not  only  from  the  standpoint  of 
available  heat,  but  also  to  offset  the  detrimental  effect  on  furnace 
fuel  consumption  from  improper  regulation.  The  proper  ratio  of  air 
for  combustion  to  the  fuel  fired  should  be  maintained  at  all  times 
throughout  the  heat,  and  also  throughout  the  life  of  the  furnace. 
Such  operation  requires  that  the  first  helper  be  provided  with  means 
which  will  accomplish  the  desired  result  either  manually  or  auto¬ 
matically. 


OK‘> 
a*  J/v 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA. 


[Oct. 


Fig.  2.  Effect  of  Preheat  and  Excess  Air  on  Available  Heat  in 

Hearth  of  Furnace. 

Automatic  regulation  is  closely  connected  with  forced  and  induced 
draft.  In  order  that  air  for  combustion  may  be  ample  when  the 
furnace  becomes  old,  the  air  should  be  blown  by  a  fan  and  correctly 
proportioned  to  the  fuel  by  an  automatic  regulator  or  a  manually 
operated  valve  operated  in  conjunction  with  indicating  meters  show- 
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ing  fuel  How  and  air  flow,  The  reversing  valves  must  be  tight  as  well 
as  the  flues  and  checker  chambers,  since  proper  air  proportioning  can 
not  be  maintained  if  the  air  blown  by  the  fan  is  allowed  to  leak  away 
instead  of  entering  the  port  of  the  furnace.  The  draft  for  the  furnace 
is  another  factor  of  prime  importance.  It  should  be  possible  to  make 
the  total  stack  draft  available  at  the  end  of  the  checkers,  if  desired. 
This  requires  direct  flues  of  ample  size,  equipped  with  straight-line- 
flow  reversing  valves  in  order  to  decrease  the  frictional  losses.  The 
stack  draft  should  be  automatically  regulated  at  all  times  in  order  to 
maintain  the  necessary  suction  in  the  outlet  port  of  the  furnace 
required  to  clear  the  furnace  of  gases  and  protect  the  side  walls  and 
skewbacks  from  impingement  of  the  flame.  A  material  saving  in 
refractory  expense  is  obtained  with  furnaces  which  have  the  outlet 
end  protected  by  the  proper  draft  conditions,  automatically  main¬ 
tained.  It  is  needless  to  say  that  an  excessive  draft  results  in  cold  air 
being  drawn  into  the  furnace  through  doors  and  openings,  thereby 
reducing  the  furnace  temperature  and  slowing  up  the  operation. 

Design  of  Ports.  The  port  of  an  open-hearth  furnace  is  used 
alternately  as  an  outlet  and  an  inlet,  and  the  design  must  consider 
both  conditions.  As  the  inlet,  it  gives  direction  to  the  flame  and 
should  provide  for  quick  ignition  in  order  to  maintain  maximum 
flame  temperature.  As  the  outlet,  it  should  be  capable  of  relieving 
the  furnace  of  the  waste  gases  under  reasonable  draft  conditions  and 
should  withstand  the  high  temperature  and  slagging  action  of  the 
waste  gases  so  as  to  maintain  the  correct  lines  required  for  the  inlet 
conditions. 

It  has  been  pointed  out  earlier  in  the  paper  that  the  direction  of 
the  gas  stream  in  the  case  of  regenerated  fuels,  such  as  producer  gas 
and  mixed  blast-furnace  and  coke-oven  gas,  is  sufficient  for  determin¬ 
ing  the  shape  of  the  flame  in  the  furnace.  The  lines  and  position  of 
the  gas  port  for  these  fuels  are,  therefore,  of  the  utmost  importance. 
When  used  for  the  exit  end  of  the  furnace  the  slagging  action  and 
high  temperature  to  which  it  is  subjected  quickly  changes  the  original 
shape  unless  proper  water  cooling  is  provided.  The  application  of 
water  cooling  to  this  point  of  a  furnace  must  be  done  very  carefully. 
A  minimum  of  water-cooled  surface  should  be  left  exposed  so  as  not 
to  affect  the  furnace  temperature.  Means  should  be  provided  for 
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replacing  the  water-cooling  parts  in  case  of  failure,  and  the  application 
of  the  refractory  covering  should  be  simple  and  permanent.  Such  a 
port  construction  is  shown  in  Fig.  3.  It  comprises  a  wrater-cooled 
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Fig.  3.  Brick-Lined,  Water-Cooled  Port. 


tank  shaped  to  the  lines  of  the  port,  and  covered  inside  and  outside 
with  brick.  Only  the  end  of  the  port  is  exposed  to  the  furnace  and  it 
can  readily  be  removed  through  the  bulkhead  in  case  a  leak  develops. 
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Such  port  construction  has  given  very  satisfactory  service  in  many 
plants  throughout  the  country. 

The  gas  port  should  he  short,  extending  only  part  way  toward 
the  knuckle  or  restricted  section  of  the  complete  port,  while  the  lines 
of  the  air  port  should  be  such  as  to  provide  premixing  of  air  and  gas 
within  the  port,  with  consequent  quick  ignition  and  high  flame  tem¬ 
perature.  The  requisite  velocity  for  the  gas  at  the  nose  of  the  gas 
port  is  dependent  on  the  length  of  the  furnace,  the  ability  of  the  gas 
stream  to  give  up  part  of  its  velocity  to  the  air  stream  in  the  process 
of  mixing,  and  the  ability  of  the  available  draft  to  clear  the  waste 
gases  from  the  furnaces  through  the  outgoing  port.  If  a  restriction  to 
How  occurs  at  the  outgoing  end,  the  flame  may  tend  to  mushroom  and 
severely  damage  the  rear  skewback  and  roof  of  the  furnace  at  this 
point.  For  a  normal  100-ton  furnace  the  gas  velocity  at  the  nose  of 
the  gas  port  should  be  approximately  5000  feet  a  minute. 

In  order  that  a  maximum  flame  temperature  may  be  developed, 
it  is  essential  that  the  combustion  reaction  be  completed  in  as  short  a 
time  as  possible.  Intimate  mixture  of  air  and  fuel  gives  the  quickest 
ignition  and  flame  propagation.  A  port  should  mix  the  fuel  and  air 
as  completely  as  possible  and  still  deliver  the  air  stream  so  as  to  pro¬ 
tect  the  refractory  material  of  which  the  port  is  constructed.  The 
Venturi  furnace  fulfils  these  requirements  admirably. 

Conclusion.  In  conclusion,  the  problem  of  proper  combustion 
still  remains  the  maintenance  of  maximum  flame  temperature  as  Sie¬ 
mens  originally  discovered.  High  preheat,  proper  air  regulation,  and 
intimate  mixing  of  air  and  fuel  are  the  main  factors  to  be  consid¬ 
ered.  The  danger  to  furnace  life,  due  to  high  temperatures,  is  being 
solved  in  practice  by  correct  design  of  furnace  and  ports. 

The  future  development  of  open-hearth  furnace  operation  and 
design  will  result  in  lower  fuel  costs  with  greater  production,  and 
must  progress  along  the  lines  leading  to  higher  and  higher  flame  tem¬ 
peratures. 
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DISCUSSION 

J.  B.  Crane  :*  I  have  been  very  much  interested  in  the  paper 
of  the  evening. 

There  seems  to  be  a  rather  general  idea  that  it  is  necessary  to 
obtain  a  better  grade  of  refractories  in  order  to  improve  open-hearth 
furnaces. 

I  have  had  no  experience  with  the  operation  of  open-hearth  fur¬ 
naces,  but  when  an  engineer  is  designing  a  steel  structure  he  gets  the 
physical  properties  of  the  materials  with  which  he  has  to  build  the 
structure,  and  designs  the  structure  accordingly.  If  the  structure 
falls  down,  the  engineer  is  to  blame.  With  refractories  he  builds  a 
wall,  and  if  the  wall  falls  down,  refractories  are  to  blame. 

In  developing  furnaces  for  pulverized  fuel,  we  ran  into  the  same 
difficulty,  and  in  order  to  use  refractory  furnaces  we  had  to  build 
very  large  combustion  chambers.  By  air  cooling  the  refractories  we 
were  able  to  reduce  the  size  of  the  furnace,  and  by  lining  the  combus¬ 
tion  chamber  with  water-cooling  surface  we  were  able  to  use  a 
furnace  about  one-third  the  size  that  was  necessary  with  plain 
refractories. 

I  am  wondering  if  it  would  not  be  possible  to  try  air  cooling  of 
the  refractories  in  open-hearth  furnaces,  and  in  this  manner  secure 
better  results.  I  notice  the  fact  that  you  now  depend  largely  upon  the 
reflected  heat  from  the  roof,  but  this  can  not  be  the  controlling  factor, 
or  you  would  insulate  the  roof  and  in  this  manner  secure  less  radia¬ 
tion,  and  it  would  not  require  as  much  heat  to  melt  the  contents  of 
the  furnace. 

In  this  connection  we  have  built  wet-bottom  furnaces  for  the 
use  of  pulverized  coal,  and  in  these  furnaces  it  is  necessary  to  main¬ 
tain  a  heat  at  the  bottom  of  the  furnace,  which  will  allow  the  slag  to 
run,  and  be  tapped  off  at  intervals,  or  in  some  of  the  later  develop¬ 
ments  there  is  continuous  running  of  the  slag.  The  necessary  heat  is 
maintained  at  the  bottom  of  the  furnace  to  keep  the  slag  in  a  molten 
condition,  and  yet  the  temperature  of  the  gases  at  the  top  of  the  fur¬ 
nace  is  reduced  to  about  2000  degrees  F.  before  entering  the  boiler 
tubes.  The  top  of  the  furnace  is  entirely  covered  with  black  boiler 
surface  instead  of  a  refractory  arch. 


*District  Manager,  Combustion  Engineering  Corporation,  Pittsburgh. 
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In  these  latest  furnaces  the  firing  is  done  from  the  corners,  and 
in  this  way  we  obtain  a  very  turbulent  action  of  the  coal  and  air 
required  for  combustion.  It  has  been  found  that  the  temperature  at 
this  point  is  chiefly  dependent  upon  proper  mixing  of  fuel  and  air. 

E.  A.  Brown',  Jr.:*  The  open-hearth  process  at  present  is 
greatly  limited  by  the  quality  of  refractories  available,  and  to  my 
mind  the  brick  manufacturers  are  far  behind  in  aiding  the  improve¬ 
ment  of  the  process.  Were  proper  brick  available,  there  are  any  num¬ 
ber  of  improvements  that  could  be  made  immediately. 

If  I  may  discuss  Mr.  Crane’s  remarks  relative  to  solving  the 
open-hearth  problem  by  air  cooling  the  furnace  as  is  done  with  set¬ 
tings  of  pulverized-coal  boilers  I  would  call  attention  to  the  fact  that 
the  open-hearth  furnace  is  now  practically  an  air-cooled  job,  and 
were  it  not  for  the  fact  that  the  bricks  in  the  furnace  proper  and  hot 
fantails  are  laid  in  such  a  way  as  to  allow  filtration  at  every  joint  the 
furnace  would  not  last  as  well  as  it  does. 

I  have  appreciated  Mr.  Chandler’s  treatment  of  this  important 
subject  and  agree  with  him  throughout  with  one  exception.  In  the 
first  paragraph  of  his  paper  I  understood  Mr.  Chandler  to  say  some¬ 
thing  to  the  effect  that  combustion  in  the  open-hearth  furnace,  in  gen¬ 
eral,  was  much  the  same  as  with  other  industrial  furnaces.  I  can  not 
agree  with  this.  Personally,  I  believe  that  the  open-hearth  furnace, 
not  unlike  reversing  reheating  furnaces  and  pits  to  a  certain  extent, 
is  one  of  the  most  contrary  and  baffling  applications  in  the  steel  indus¬ 
try.  I  say  this  because  the  control  of  combustion  is  difficult  and  the 
application  of  controls  is  quite  a  problem.  1  disagree  with  Mr. 
Chandler’s  statement  for  the  following  reasons: 

In  the  stack  of  a  boiler  furnace  or  a  hot-blast  stove  it  is  not  diffi¬ 
cult  to  attain  C02  analysis  of  23  per  cent.,  with  a  possible  26  per 
cent.,  and  the  same  is  true  to  a  certain  extent  with  continuous  fur¬ 
naces,  but  such  efficiency  can  not  at  present  be  arrived  at  with  the 
open-hearth  furnace.  The  reason  for  the  perfection  in  the  above- 
mentioned  illustration  lies  in  the  fact  that  combustion,  air  infiltration, 
and  radiation  can  be  reasonably  controlled,  whereas  up  to  the  present 
in  the  open-hearth  furnace  they  have  been  controlled  only  to  a  lim¬ 
ited  extent. 

*  Assistant  to  Chief  Mechanical  Engineer,  Carnegie  Steel  Co.,  Munhall,  Pa. 
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1  believe  the  following  will  illustrate  the  reasons  for  the  above 
observations. 

We  have  recently  proved  experimentally  in  the  open-hearth  fur¬ 
nace  that  the  pressure  (absolute)  immediately  under  the  roof  in  the 
center  of  the  furnace  is  about  0.07  of  an  inch  water-gage  higher  than 
at  the  sill  plate  elevation,  or  for  about  a  five-foot  difference  in  eleva¬ 
tion.  This  figure  checks  up  with  calculations  when  we  consider  the 
intense  temperature  within  the  furnace.  This  accounts  for  the  condi¬ 
tion  which  may  actually  exist  in  which  a  furnace  blows  out  at  the 
top  of  the  doors  and  still  sucks  air  in  at  the  bottom.  The  difference 
in  draft  intensity  is  then  readily  appreciated  at  the  different  elevations 
of  the  furnace  and  the  checker  system,  which  difference  in  elevation 
may  amount  to  30  feet  of  intense  temperature.  Consequently,  as  we 
make  a  balanced  draft  at  any  point  in  this  system  all  other  points  will 
be  put  under  either  vacuum  or  pressure  with  consequent  leakage  out¬ 
ward  or  air  infiltration  inward,  and  it  is  this  inconsistency  of  pressure 
and  draft  at  various  points  which  offers  the  difficulty  with  automatic- 
control  equipment.  It  also  accounts  for  the  fact  that  if  the  mixture  of 
gas  and  air  in  the  incoming  port  is  correct,  then  by  the  time  it  leaves 
the  furnace  it  has  been  diluted  by  heavy  air  infiltration  within  the 
furnace ;  or,  if  the  analysis  is  correct  at  the  outgoing  port,  it  was 
deficient  in  air  at  the  incoming  one  and  combustion  within  the  fur¬ 
nace  was  generally  imperfect. 

Is  there  any  open-hearth  plant  that  can  show  approximately  perfect 
analysis  in  the  outgoing  port  and  at  the  same  time  have  a  respectable 
air-free  sample  in  the  stack,  or  vice  versa?  I  believe  there  are  very 
few,  if  any. 

Again  consider  the  volume  of  an  open-hearth  system.  Though 
the  actual  combustion  zone  is  relatively  small  compared  with  the 
large  bulk  of  ports,  uptakes,  checker  chambers,  flues,  etc.,  these  are 
made  of  porous  brick,  and,  unless  tightly  closed,  air  leaks  in  in  large 
volumes.  At  the  same  time,  radiation  occurs  over  this  large  surface, 
and  the  two  together  account  for  the  poor  efficiency  of  the  open- 
hearth  process  in  general. 

This  has  been  realized  to  such  an  extent  that  the  Tennessee 
Coal,  Iron  and  Railroad  Company  has  in  operation  three  or  four 
banks  of  soaking-pits  in  which  a  very  radical  departure  has  been  made. 
In  arriving  at  this  design  they  eliminated  all  checkers  and  other  forms 
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of  heat  abstraction  after  the  pit  itself  and,  instead,  installed  Surface 
Combustion  Company  burners  with  forced  cold  air,  and  thereby  con¬ 
siderably  improved  the  old  construction  with  regard  to  fuel  economy. 

Do  not  understand  that  I  advocate  this  pit  construction.  It  is 
evident  that  waste  heat  can  be  recovered,  but  I  believe  it  does  prove 
that  control  is  more  important  than  slip-shod  heat  abstraction,  and 
control  is  what  we  lack  at  the  present  time,  due  to  the  large  heat- 
radiating  and  air-infiltrating  surface.  This  then  leads  to  the  cure. 
The  tendency  has  been  to  effect  a  remedy  by  the  addition  of  more 
heat-abstracting  volume  and  thus  cool  the  waste  gases  down  to  a 
lower  temperature.  This  is  only  a  superficial  analysis.  Adding  more 
heat-abstracting  surface  in  general  will  only  aggravate  the  present 
difficulty  by  adding  more  resistance,  necessitating  additional  draft 
which,  in  turn,  will  again  produce  more  leakage  radiation  and 
adverse  results. 

A  more  sane  application  of  forced  air  and  possibly  induced  draft 
will  aid  in  the  solution.  But  first  of  all  in  importance  is  absolute 
tightness  of  valves,  checkers,  and  flues,  insulated  as  thoroughly  be¬ 
neath  the  charging  floor  as  refractories  will  permit.  When  this  is 
accomplished,  automatic  control  of  draft  and  air  flow  will  be  in  order 
and  improvement  should  follow,  but  always  limited  by  refractories, 
unless  the  brick  manufacturers  advance  considerably  faster  than  they 
have  shown  signs  of  for  some  years  back. 

In  past  years  we  have  failed  to  realize  the  great  number  of 
variables  in  the  open-hearth  furnace,  and  have  tried  to  interpret  the 
effect  of  one  variable  without  reference  to  the  others.  Past  experi¬ 
mental  work,  I  believe,  has  in  many  cases  been  misleading,  but  1 
think  from  now  on  will  be  of  more  value. 

You  can  not  judge  stack  temperature  without  reference  to 
analysis  or  excess  oxygen,  nor  draft  loss  without  reference  to  flow, 
nor  can  you  measure  air  unless  you  know  it  all  goes  to  the  furnace 
instead  of  to  the  stack  through  a  leaky  valve.  Neither  can  you  sav  a 
furnace  chamber  is  operating  on  slight  excess  pressure  because  gases 
lick  out  the  top  of  the  door.  Above  all,  when  a  furnace  operator  says 

his  furnace  system  is  tightly  sealed,  just  check  up  and  see  what  his 

\ 

idea  of  tight  means.  You  can  still  prove  to  him  that  tight  is  but  a 
relative  term  and  with  most  of  our  existing  construction  far  from 
perfection. 
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Walter  de  Fries:*  I  surmise  from  the  trend  of  the  author’s 
paper  that  he  proposes  to  increase  the  efficiency  of  open-hearth  fur¬ 
naces  by  transferring  an  additional  amount  of  B.t.u.  from  the  waste 
heat  to  the  combustion  air  through  auxiliary  regenerators.  A  series 
of  tables  presented  in  support  of  this  statement  is  evidently  based  on 
the  heat  carried  back  into  the  furnace  through  this  auxiliary  exchange 
without,  however,  touching  on  the  effect,  which  the  increase  in  air 
temperature  will  have  on  the  combustion  reaction.  In  other  words, 
the  author  assumes  that  combustion  temperatures  will  keep  on  increas¬ 
ing,  corresponding  to  the  amount  of  preheating  done,  and  the  tem¬ 
perature  gradient  between  the  open-hearth  flame  and  the  bath  will 
become  accordingly  greater,  so  that  more  heat  is  transferred  in  a 
given  time. 

Numerous  experiments  that  I  made  several  years  ago  with  open- 
hearth  furnaces  along  this  line  of  reasoning  have  convinced  me 
of  the  utter  fallacy  of  such  argument.  I  have  in  mind  particularly 
the  installation  of  a  highly  efficient  combustion  device  on  a  natural- 
gas-fired  open-hearth  furnace,  which  embodies  all  the  recommenda¬ 
tions  made  in  the  author’s  paper  for  increasing  open-hearth  efficiency, 
but  which  in  actual  trial  did  not  improve  the  output  from  the  fur¬ 
nace  or  the  fuel  economy  one  bit. 

In  searching  for  an  explanation  of  this  occurrence  I  came 
across  some  very  valuable  data  published  in  "Technische  Thermo- 
dynamik,”t  by  W.  Schiile,  as  the  only  reference  giving  a  logical 
explanation  for  my  observations,  in  a  discussion  on  dissociation  of 
combustion  products  under  temperature  conditions  as  existing  in  the 
open-hearth  furnace.  The  data  presented  in  this  reference  show  that 
with  a  temperature  of  1300  degrees  C.,  or  2372  degrees  F.,  the  dis¬ 
sociation  range  begins.  Examples  presented  for  the  combustion  of 
air-gas  with  an  initial  temperature  of  20  degrees  C.  and  800  degrees 
C.,  respectively,  for  both  air  and  gas  entering  into  the  combustion 
reaction  show  a  degree  of  dissociation  of  only  lf/2  per  cent,  for  the 
combustion  resulting  from  the  unpreheated  fuel  and  air,  which  in¬ 
creases  to  fully  18  per  cent,  with  the  fuel  and  air  preheated  to  only 
800  degrees  C.,  or  about  1450  degrees  F. 

*Chief  Engineer,  William  B.  Pollock  Co.,  Youngstown,  Ohio. 

tEd.  2,  2v.  1912-1914.  Julius  Springer,  Berlin. 
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The  explanation  for  such  occurrences  is  found  in  the  laws  of 
chemical  equilibrium  applying  to  fuel-gas  mixtures  ordinarily  con¬ 
sisting  of  C02,  H20,  and  N2  with  possible  excesses  of  O,. 

I  was  also  able  to  find  a  practical  demonstration  of  the  truth  of 
this  statement  in  analyzing  the  history  of  this  particular  furnace 
during  its  previous  campaigns.  It  appeared  that  whenever  the  furnace 
was  started  up  after  each  rebuilding  and  the  entire  furnace  system 
accordingly  cooled  down,  the  first  heat  would  come  out  of  the  furnace 
at  a  fuel  rate  of  approximately  5,000,000  B.t.u.,  which  gradually 
increased  to  between  6,000,000  and  7,000,000  B.t.u.  per  ton  as  the 
regenerators  became  more  effective  due  to  operation  of  the  furnace, 
so  that  the  air  preheat  was  improved,  just  as  the  author  of  this  paper 
recommends. 

Summarizing  this  explanation,  I  would  state  that  there  is  an 
economic  limit  beyond  which  either  fuel  or  air,  or  both,  for  open- 
hearth  combustion  should  not  be  preheated.  If  carried  beyond  this 
most  advantageous  condition,  which,  of  course,  varies  with  the  dif¬ 
ferent  fuels,  additional  preheat  will  inhibit  the  combustion  reaction 
instead  of  helping  it. 

Air  preheating  can  be  overdone,  and  particularly  so  in  open- 
hearth  furnaces,  and  before  accepting  the  recommendations  made  by 
the  author  of  this  paper  I  would  suggest  that  each  particular  condi¬ 
tion  be  subject  to  careful  analysis  of  the  flame  temperatures  to  be 
expected. 

The  furnace  arrangement  shown  involving  the  delivery  of  air 
to  the  furnace  by  means  of  a  motor-driven  fan  may  be  a  very  desirable 
arrangement  for  a  number  of  installations  1  know  of,  which  do  not 
have  sufficient  fuel  capacity,  but  any  benefits  obtained  from  the  fur¬ 
nace  with  such  an  arrangement  are  more  likely  to  result  from  the 
fact  that  the  air  is  forced  into  the  furnace  by  means  of  the  fan  rather 
than  from  the  installation  of  the  auxiliary  regenerator. 

To  ascertain  what  benefits  can  be  derived  from  additional  air 
preheat  under  given  local  conditions,  two  furnaces  equipped  with 
forced-air  delivery  should  be  compared — one  with  and  the  other  with¬ 
out  the  auxiliary  air  preheater.  Comparing  a  furnace  depending  on 
updraft  in  checkers  for  its  air  supply  with  one  equipped  with  auxiliary 
regenerators  plus  forced  air  delivery  is  apt  to  lead  to  incorrect  con- 
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elusions  as  to  the  benefits  obtainable  from  the  addition  of  the  auxil¬ 
iary  regenerator  proper. 

W.  P.  Chandler,  Jr.:  The  discussion  has  brought  out  many 
points  of  value  and  indicates  very  clearly  the  general  need  for  refrac¬ 
tory  materials  which  will  withstand  higher  temperatures  than  at 
present.  We  trust  that  the  experimental  and  development  work 
which  is  being  carried  on  by  various  manufacturers  will  result  in  an 
advance  in  this  direction  in  the  near  future. 

We  agree  thoroughly  with  Mr.  Brown  in  his  plea  for  tightness 
in  open-hearth  furnace  systems  and  for  proper  regulation.  The  laws 
governing  combustion  are  the  same  for  the  open-hearth  furnace  as  for 
any  other  steel-mill  combustion  unit,  and  the  demand  for  high  air  pre¬ 
heat  is  more  acute  in  the  open-hearth  furnace  due  to  the  much  higher 
temperature  desired  for  this  process.  The  maximum  economy  of 
operation  for  an  open-hearth  furnace  is  reached  with  maximum  pre¬ 
heat,  in  conjunction  with  proper  tightness,  regulation  and  insulation. 

Mention  was  made  of  soaking-pits  constructed  with  no  air  regen¬ 
eration.  Such  construction  naturally  means  a  direct  loss  of  valuable 
heat.  The  elimination  of  regenerative  heating  surface  for  combustion 
air,  because  of  difficulty  in  constructing  it  without  serious  losses,  does 
not  seem  to  be  in  the  nature  of  progress.  It  might  be  of  interest  to 
note  that  for  the  soaking-pit  installation  mentioned,  the  application 
of  preheated  air  is  now  being  seriously  considered. 

The  discussion  presented  by  Mr.  de  Fries  relative  to  the  detri¬ 
mental  effect  of  high  preheat  fails  to  take  into  account  one  factor  of 
prime  importance.  The  fact  that  the  burning  gases  radiate  heat  dur¬ 
ing  the  formation  of  the  flame  to  the  cooler  bath,  walls,  and  roof  of 
the  furnace  results  in  an  actual  flame  temperature  considerably  below 
the  theoretical.  Also  the  amount  of  dissociation  occurring  at  differ¬ 
ent  temperatures  as  given  by  Air.  de  Fries  does  not  agree  with  data 
used  by  R.  T.  Haslam  and  R.  P.  Russell  in  their  treatise  on  “Fuels 
and  Their  Combustion.”*  A  series  of  pvrometric  measurements  of 
flame  temperature  actually  developed  in  an  open-hearth  furnace  sup¬ 
plied  with  highly  preheated  air  and  using  a  mixture  of  coke-oven  gas 
and  tar  as  fuel  shows  that  3400  degrees  F.  is  seldom  obtained.  In 
such  a  flame  having  the  proper  amount  of  air  and  with  a  proper 


*1926.  McGraw,  New  York. 
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degree  of  mixing,  the  drop  in  temperature  from  the  theoretical  is 
caused  by  radiation  to  cooler  surfaces  during  the  formation  of  the 
flame.  From  the  information  on  dissociation  of  water  vapor  and 
carbon  dioxid  given  by  Haslam  and  Russell  the  maximum  dissocia¬ 
tion  would  not  amount  to  over  seven  per  cent,  instead  of  over  18 
per  cent,  as  stated  by  Mr.  de  Fries. 

The  value  of  preheat  must  also  be  considered  on  the  basis  of 
availability  of  heat.  As  mentioned  in  the  paper,  the  total  heat  sup¬ 
plied  to  the  hearth  of  a  furnace  should  not  be  taken  as  a  basis  for 
calculating  efficiency,  but  rather  the  amount  of  heat  above  some 
basic  temperature  available  for  absorption.  On  such  a  basis  any  heat 
introduced  into  the  furnace  as  additional  preheat  increases  directly 
the  amount  of  available  heat  since  it  tends  to  increase  the  flame  tem¬ 
perature.  In  practice,  the  various  methods  used  for  obtaining  higher 
flame  temperatures  which  have  been  thoroughly  tried  out  have  re¬ 
sulted  in  an  increased  economy. 


APPLICATION  OF  CENTRIFUGAL  FANS* 

By  C.  A.  Carpenter!" 

During  the  latter  part  of  1911  and  the  early  part  of  1912,  the 
author  became  interested  in  some  fundamental  mathematical  rela¬ 
tions  applying  to  centrifugal  machinery.  A  very  interesting  paper 
had  been  presented  by  Chester  W.  Larner,  then  chief  engineer  of 
the  Wellman-Seaver-Morgan  Company,  entitled  “Characteristics  of 
Modern  Hydraulic  Turbines,”  published  in  the  Transactions  of  the 
American  Society  of  Civil  Engineers ,  volume  66,  page  306. 

Mr.  Larner’s  paper  developed  the  theory  of  specific  speed  ap¬ 
plied  to  water  turbines  for  specific  conditions  of  service.  The  author 
modified  some  of  the  mathematics  outlined  by  Air.  Larner  and  de¬ 
veloped  the  theory  of  specific  speed,  as  applied  to  centrifugal  pumps 
and  centrifugal  fans. 

\ 

Amplifying  this  theory  led  to  the  conclusion  that  complete  char¬ 
acteristic  curves  could  be  plotted,  using  specific  speeds  as  abscissae 
and  efficiencies  as  ordinates,  provided  the  basic  design  were  known  by 
suitable  tests. 

Aluch  of  this  material  was  published  by  the  author  in  Power , 
volume  35,  April  30,  1912,  p.  612,  in  a  paper  entitled  “Comparing 
Turbo-Pumps,  Blowers”  and  in  the  Electrical  World ,  volume  61, 
June  14,  1913,  p.  1309,  in  a  paper  entitled  “Design  and  Operating 
Features  of  AIotor-Driven  Pumps.”  Later,  Prof.  T.  G.  Estep,  of 
Carnegie  Institute  of  Technology,  and  the  author  presented  a  paper 
before  the  Engineers’  Society  of  Western  Pennsylvania,  entitled 
“Characteristics  of  Centrifugal  Fans,”  published  in  the  Proceedings, 
volume  43,  p.  306. 

The  author  has  published  other  papers  on  this  general  subject, 
among  which  might  be  mentioned : 

“Variable  Speed  Drive  for  Centrifugal  Pumps.”  Engineering 
Record ,  volume  65,  June  8,  1912,  p.  629. 

“Application  of  Engineering  to  Aline  Fan  Selection.”  Mining 
Congress  Journal ,  volume  14,  November  1928,  p.  833. 

*  Presented  February  1  1,  1930.  Received  for  publication  April  30,  1930. 

tHydraulic  Press  Mfg.  Co.,  Mount  Gilead,  Ohio. 
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“Engineering  Aspects  of  Unit  Heater  Design.”  Heating  and 
Ventilating  Magazine ,  volume  26,  April  1929,  p.  71. 

“Limitations  of  Direct-Connected  Fans  Operating  at  Fixed 
Speeds.’  Heating  and  Ventilating  Magazine/'  volume  26,  May 
1929,  p.  60. 

“Elementary  Fan  Engineering.”  Heating  and  Ventilating  Mag¬ 
azine ,  volume  26,  September  1929,  p.  63;  October  1929,  p.  82. 

The  mathematical  relationships  of  fan  performance  can  be  car¬ 
ried  much  further  than  in  the  material  heretofore  published. 

It  is  interesting  to  note  that  specific  speed  is  a  term  known  to 
water  turbine  engineers  for  many  years,  to  centrifugal  pump  engi¬ 
neers  (and  in  rather  general  use) since  1912,  and  yet  scarcely  known 
to  fan  engineers  after  18  years  of  publicity,  despite  the  fact  that 
many  technical,  men  have  contributed  papers  on  this  subject 
since  1912. 

About  twenty  years  ago,  many  centrifugal  pumps  were  offered 
to  the  trade  with  impeller  vanes  curved  forward  in  the  direction 
of  rotation.  A  short  while  ago  the  American  Society  of  Mechanical 
Engineers  heard  three,  scholarly  papers  on  centrifugal  pumps.  These 
papers,  mentioned  below',  appear  in  the  Transactions  of  the  Amer¬ 
ican  Society  of  Mechanical  Engineers,  1927—1928,  volumes  49-50, 
pt.  2.  (The  rather  cumbrous  symbol  following  each  reference  is  re¬ 
quired  for  its  definite  identification.) 

“New  Method  of  Separating  the  Hydraulic  Losses  in  a  Centrif¬ 
ugal  Pump,”  by  M.  D.  Aisenstein  (HYD-50-2;  HYD-50-6). 

“Method  of  Analyzing  the  Performance  of  Centrifugal  Pumps,” 
by  Joseph  Lichtenstein  (HYD-50-3). 

“Centrifugal  Pumps,”  by  H.  T.  Davey  (HYD-50-4). 

None  of  these  authors  even  discussed  forward-curved  vanes. 
They  all  clearly  showed  that  backward-curved  blading  was  prac¬ 
tically  universally  accepted  and  Mr.  Davey  referred  to  specific  speed. 

Furthermore,  it  is  worthy  of  note  that  turbo-blower  manufac¬ 
turers  have  developed  radial  and  backward-curved  blading  despite 
the  fact  that,  theoretically,  forward  curvature  of  impeller  blades 
should  produce  pressure  with  lower  rim  speeds,  and,  as  is  well  known, 
rim  speed  becomes  a  real  problem  in  turbo-blower  design. 
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Why  is  it  that  fan  manufacturers  have  failed  to  adopt  the  scien¬ 
tific  development  of  their  designs  and  applications?  The  author  ven¬ 
tures  an  opinion  as  follows.  Water  is  heavy  and  easily  observed.  In 
both  water  turbines  and  centrifugal  pumps,  volumes  are  relatively 
low  and  pressures  high.  In  turbo-blowers  also,  volumes  are  relatively 
low  and  pressures  high.  Large  horse-powers  are  involved.  In  pro¬ 
portion  to  the  physical  size  of  the  equipment,  the  power  is  great. 
With  fans,  oftentimes,  conditions  are  just  the  reverse.  Air  is  not 
very  noticeable;  usually  volumes  handled  by  fans  are  large  and  pres¬ 
sures  low.  Power  in  proportion  to  physical  size  is  generally  low. 
Hence  handling  a  substance,  not  very  noticeable,  in  a  large  machine 
with  what  appears  to  be  little  power,  has  led  to  careless  thinking 
and  fan  manufacturers  have  not  been  compelled  to  give  thought  to 
scientific  engineering  as  has  been  the  case  with  manufacturers  of 
water  turbines,  centrifugal  pumps,  and  turbo-blowers. 

Fans  delivering  100,000  cubic  feet  per  minute  are  common;  but 
100,000  cubic  feet  of  water  would  correspond  to  approximately 
750,000  gallons,  and  a  pump  delivering  750,000  gallons  per  minute 
would  be  some  pump.  Pressures  of  200  feet  are  not  abnormal  with 
pumps;  200  feet  of  water  corresponds  to  a  pressure  of  about  86.8 
pounds.  Such  a  pressure,  of  course,  is  absolutely  out  of  all  range  of 
ordinary  fans. 

At  this  point,  it  is  interesting  to  note  that  the  two  following 
simplified  formulae  are  identical : 


Water  horse-power  = 


cp 


3960 

and  p  —  head  in  feet  of  water. 

CP 


,  in  which  c  —  gallons  per  minute 


Air  horse-power  = 
and  P  —  pressure  in  inches  of  water-gage 


,__7  ,  in  which  C  —  cubic  feet  per  minute 
6556 


Taking  the  formula  for  water  horse-power  = 


cp 


3960 


and  chang¬ 


ing  c  (gallons  per  minute)  to  C  (cubic  feet  per  minute)  we  must 
multiply  by  7.48.  To  change  p  (head  in  feet)  to  P  (head  in  inches) 
we  must  divide  by  12  in  order  to  have  the  same  developed  water 


horse-power ; 


7ASCP 


CP 


12  X  3960  6356 


,  approximately. 
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The  very  slight  discrepancy  is  due  to  the  fact  that  hydraulic 
engineers  use  62  degrees  F.  while  fan  engineers  ordinarily  use  70 
degrees  as  a  basis  for  pressure  readings  and  there  is  a  slight  differ¬ 
ence  in  water  pressure  per  foot  of  height  due  to  this  difference  in 
temperature. 

The  foregoing  comparison  of  formulae  is  given  because  it  clearly 
shows  that  the  horse-power  to  handle  a  fluid  is  a  function  of  volume 
delivered  and  pressure.  Temperature  enters  the  formula  only  in  its 
effect  on  the  measurement  of  pressure. 

The  horse-power  required  to  deliver  100,000  cubic  feet  per 
minute  of  any  gas  against  a  low  pressure — as  one  ounce — is  inde¬ 
pendent  of  the  density  of  the  gas  unless  fan  efficiency  varies.  The 
pressure,  if  read  in  inches  of  water,  should  be  corrected  for  the 
temperature  of  the  water. 

Two  outstanding  relations  apply  to  fans  within  the  scope  of 
ordinary  practice  as  generally  observed. 

For  any  fixed  point  of  operation — as,  for  example,  normal  rated 
capacity  at  maximum  efficiency — the  pressure  produced  is  a  function 
of  tip  or  rim  speed  and  the  density  of  the  gas  handled. 

This  may  be  expressed  thus: 


X 


7 r 


d  N 


12  X  4005  s  P 


X  —  a  ratio. 

d  —  diameter  of  fan  wheel  or  impeller  in  inches. 

N  —  revolutions  per  minute. 

P  =  pressure  in  inches  of  water-gage. 

ry  .  ^  7 rwd2  yN 

Capacity  6  =  — TqT^ —  • 


C  =  cubic  feet  delivered  per  minute. 
w  —  width  of  fan  wheel  in  inches  (average). 
y  =  volumetric  efficiency  of  the  fan  expressed  decimally,  or 
the  ratio  of  air  delivered  per  revolution  to  the  cubical 
contents  of  the  wheel. 

u  *  i  l  l  6912  C 

By  simple  algebra,  y  =  - 

7r  zu  d~  N 


From  a  theoretical  consideration  of  these  formulae  many  con¬ 
clusions  may  be  drawn.  Since  it  conforms  to  general  practice  and 
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is  confirmed  by  tests  published  so  far,  that  fans  of  identical  design 
have  definite  ratios,  X ,  of  tip  speed  to  theoretical  air  speed  corre¬ 
sponding  to  the  pressure  produced  (when  due  correction  is  made  for 
temperature,  barometer,  humidity  and  other  factors  affecting  den¬ 
sity)  and  such  fans  have  definite  corresponding  volumetric  efficien¬ 
cies,  y,  fan  tables  may  be  prepared  by  calculation  for  various  standard 
sizes  based  on  tests  of  one  or  more  fans  of  the  same  design. 

Hence,  if  a  fan  be  tested,  a  fan  twice  as  large  operating  under 
similar  density  conditions  at  the  same  number  of  revolutions  per 
minute,  N ,  and  at  the  same  relative  efficiency  would  be  expected  to 
deliver  eight  times  the  volume  at  four  times  the  pressure.  Further¬ 
more,  the  outlet  area  would  be  four  times  as  great.  The  outlet 
velocity,  therefore,  would  be  twice  as  great  and  the  outlet  velocity 
head,  varying  as  the  square  of  the  velocity,  would  be  four  times  as 
great. 

It  will  be  noted  that  the  relations  between  actual  pressures  pro¬ 
duced — either  total  or  static  to  the  outlet  velocity  heads — do  not 
vary.  In  other  words,  in  present  practice,  the  ratios  of  static  pres¬ 
sures  to  total  pressures  are  functions  of  basic  design  and  relative 
points  of  operation.  These  ratios  are  assumed  to  be  independent  of 
size  of  fan  and  density  of  gas  handled. 

These  conclusions  have  led  to  the  use  of  characteristic  curves 
to  explain  fan  performance.  Such  curves  may  show  actual  definite 
tests  or  may  be  converted  to  a  percentage  basis  usually  showing  the 
variation  in  total  pressure,  static  pressure,  horse-power,  efficiency, 
and  ratio  of  static  to  total  pressure  plotted  as  ordinates  against  per¬ 
centages  of  rated  volume  as  abscissae. 

Unfortunately  such  curves,  while  quite  complete  in  themselves, 
do  not  solve  the  real  problems  of  application  and  much  more  definite 
means  should  be  provided  to  help  engineers.  It  is  the  purpose  of  this 
paper  to  show  how  new  characteristic  curves  and  diagrams  can  be 
developed  mathematically  to  help  engineers  without  in  any  way  devi¬ 
ating  from  the  science  of  fan  engineering  as  known  to-day,  and  yet 
being  sufficiently  flexible  to  permit  adaptation  to  an  improved  fan 
technique. 

The  author  wishes  to  stress  the  point  that  this  paper  takes 
science  as  accepted  by  fan  builders  and  users,  but  shows  how  to  apply 
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this  science  easily  and  correctly  in  solving  a  problem  of  fan  applica¬ 
tion.  It  may  be  said  that  this  is  now  being  done.  Only  a  cursory 
glance  is  necessary  to  convince  an  observer  that  most  fans  are  wrongly 
applied  or  are  very  inefficient.  This  applies  to  mines,  steel-mills, 
power-houses,  public  buildings,  and  the  other  myriad  uses  of  ma¬ 
chinery  to  force  or  to  draw  gases  into  circulation. 

While  this  statement  may  sound  like  an  exaggeration,  analysis 
of  fundamental  fan  relations  as  published  at  present  reveals  the  cause. 
At  any  constant  speed  for  a  given  design  and  size  of  fan,  the  relation 
between  the  quantity  C  in  cubic  feet  per  minute  delivered,  and  the 
pressure  P  developed,  may  be  shown  by  a  line  curve  known  as  the 
fan  characteristic.  For  an  airway  of  unchanging  dimensions  and  un¬ 
changing  surface  another  definite  relation  exisits  between  the  quan¬ 
tity  C  and  the  pressure  P.  This,  as  generally  stated,  is  that  the 
pressure  varies  as  the  square  of  the  volume  or  velocity.  Some  devia¬ 
tion  from  an  exact  parabola  may  occur  due  to  changes  of  temperature 
through  air  travel,  etc. 

A  centrifugal  fan,  therefore,  must  perform  at  the  one  point 
where  the  curve  of  airway  relationship  intersects  the  fan  character¬ 
istic  at  any  instant.  If  this  intersection  does  not  occur  where  fan 
efficiency  is  reasonable  (near  the  point  of  best  efficiency),  a  loss  occurs 
that  may  reach  enormous  values.  It  is  also  possible  that  the  fan  may 
fail  miserably  in  its  service  by  delivering  much  less  volume  than 
required. 

A  general  algebraic  statement  of  fan  relations  will  make  this 
clear.  In  the  paper  given  by  Prof.  T.  G.  Estep  and  the  author,  pub¬ 
lished  in  volume  43  of  the  Proceedings,  the  derivation  of  one  for¬ 
mula  for  specific  speed  was  given.  This  formula  is  as  follows: 

K  _  AT  77 

79.72  P*  * 

At  this  point  the  nomenclature  used  throughout  the  paper  will 
be  stated : 

K  =  specific  speed. 

K r  =  total  pressure  (specific  speed). 

K s  =  static  pressure  (specific  speed). 

K'  —  specific  speed  for  100  revolutions  per  minute.  (N  = 

100.) 
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N 

C 

P 


P  s 

Pr 
Pv 
E 
Ft 
Es 
A  HP 
{AHP)  x 
{AHP)  s 

BHP 

V 

d 

w 

X 


XT 

Ars 


=  revolutions  per  minute. 

=  cubic  feet  delivered  per  minute. 

=  pressure  in  inches  of  water-gage  corrected  to  dry  air 
at  70  degrees  F.  and  29.92  inches  of  mercury. 

=  static  pressure. 

=  total  pressure. 

=  velocity  pressure. 

=  efficiency. 

=  efficiency  based  on  total  pressure. 

=  efficiency  based  on  static  pressure. 

=  air  horse-power. 

=  air  horse-power  based  on  total  pressure. 

=  air  horse-power  based  on  static  pressure. 


,  .  ,  AHP  T  AHP  s 

brake  horse-power  =  —  —  =  — - — 

E  t  E  s 


=  velocity  of  flow  in  feet  per  minute. 

=  diameter  of  fan  wheel  in  inches. 

=  algebraic  average  width  of  fan  wheel  in  inches. 

=  ratio  of  tip  or  rim  speed  to  theoretical  air  speed  cor¬ 
responding  to  water-gage  corrected  to  dry  air  at  70 
degrees  F.  and  29.92  inches  of  mercury. 

=  ratio  based  on  total  pressure. 

=  ratio  based  on  static  pressure. 

=  volumetric  efficiency  of  the  fan,  or  the  r^tio  of  air 
delivery  per  revolution  to  the  cubical  contents  of  the 
wheel. 


_  t r  d2  w  N  y  . 

6  6912  . (  j 

7T  d  A 

X  =  - =  . (2) 

12  X  4005  s  P 

A7  \  C 

Substituting  (1)  and  (2)  in  the  formula  K  =  72  py  we  ^et 

K  =  505.98  X'V*  y  d  y . (3) 

N  vd 

The  formula  K  = - r  shows  the  specific  speed  required 

79.72  P* 
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by  the  job.  Formula  (3)  shows  the  specific  speed  based  on  fan  de¬ 
sign.  In  operation,  of  course  the  two  formula?  must  be  identical. 

For  eighteen  years,  the  author  has  been  using  specific  speed  in 
connection  with  pumps  and  fans.  Many  tables  of  fan  performance 
have  been  analyzed  with  the  result  that  some  general  conclusions 
may  be  drawn  as  to  standardized  fan  performance.  Most  perform¬ 
ance  tables  of  fans  of  any  given  design  are  based  on  the  following 
assumptions : 

1.  The  volumetric  efficiencies  may  be  computed  from  cubic  feet 
per  minute,  wheel  dimensions,  and  revolutions  per  minute. 

2.  Corresponding  to  a  value  of  volumetric  efficiency  y  there  are 
definite  values  of  ratios  XT  and  Xs  and  efficiencies  ET  and  Es. 

3.  These  relations  are  independent  of  Xj  wheel  dimensions  d 
and  w,  and  revolutions  per  minute. 

That  these  statements  are  not  absolutely  true  must  be  evident, 
but  within  ordinary  operating  speeds  of  fans  of  standard  design  they 
are  probably  as  nearly  correct  as  can  be  determined  by  ordinary 
current  methods  of  fan  testing.  Undoubtedly  a  very  wide  variation 
in  revolutions  per  minute  would  reveal  considerable  variation  in 
efficiency  and  any  great  change  in  dimensions  would  show  variations 
in  performance. 

Taking  these  relations  as  being  vituallv  true  as  commercially 
used,  we  can  draw  many  interesting  conclusions  from  the  formulas 


K 


X  \'c 

79.72  P* 4 


and  K  =  505.98  X* 


> 


w 


>’• 


Since  the  number  of  cubic  feet  per  minute,  C,  and  the  pres¬ 
sure,  P,  are  determined  by  conditions  surrounding  any  job,  the  spe¬ 
cific  speed,  K,  can  be  varied  only  by  changing  the  revolutions  per 
minute,  AT.  This  clearly  accounts  for  the  desire  on  the  part  of  man¬ 
ufacturers  featuring  standardized  designs  to  select  their  own  speeds. 
As  a  result  many  expedients  are  in  vogue. 

Fans  may  be  driven  indirectly  by  belts,  chains,  gears,  etc.,  in 
order  to  obtain  selected  speeds.  Variable-speed  motors  may  be  sug¬ 
gested  in  order  to  mask  the  limitations  of  any  particular  design.  In 
such  cases  the  fan  may  be  designed  to  operate  well  below  the  maxi¬ 
mum  moter  speed.  Steam  drives  are  still  used  because  speeds  may  be 
chosen  to  fit  the  standard  fan  design. 
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Considering  formula  (3),  K  =  505.98  x:u- 


it  is  evident 


that  all  features  of‘  a  good  design  may  be  preserved  if  K  may  be  set 
by  the  fan  manufacturer.  However,  problems  are  arising  with  in¬ 
creasing  rapidity  in  connection  with  centrifugal  machinery  in  which 
K  is  fixed  by  conditions  beyond  the  control  of  the  manufacturers  of 
centrifugal  machinery. 

Many  years  ago  water  turbine  builders  faced  this  problem  and 
“specific  speed”  became  a  tangible  fact  to  them.  If  we  consider  that 
water-power  is  available  in  varying  volumes  and  heads  but  that  speeds 
of  the  driven  generators  are  quite  limited,  it  is  readily  seen  why  water 
turbine  designers  analyzed  their  problem. 

During  the  past  15  years,  belt-driven  centrifugal  pumps  have 
nearly  disappeared  but  indirectly  driven  fans  predominate. 

Approaching  the  problem  solely  from  the  viewpoint  of  fan  man¬ 
ufacture,  let  us  examine  formula  (3).  We  have  three  variables  as 
follows : 


X  =  ratio  of  tip  speed  to  theoretical  speed  of  air  corre¬ 
sponding  to  water-gage  corrected  to  dry  air  at  70  de¬ 
grees  F.  and  29.92  inches  of  mercury. 
y  —  volumetric  efficiency  expressed  decimally. 
w  . 

—  ==  ratio  of  average  width  of  wheel  to  diameter. 

It  has  been  stated  that  within  the  limits  of  ordinary  fan  prac¬ 
tice  X  and  y  are  fixed  for  any  design  for  any  specific  condition  such 
as  no  delivery,  20  per  cent,  of  full  open  delivery,  free  delivery,  etc., 
and  for  each  of  these  conditions  definite  efficiencies  are  obtained 
(approximately)  regardless  of  revolutions  per  minute  or  wheel  diam¬ 
eter.  For  no  delivery,  y  —  0,  E  —  0,  X  depends  on  design.  For 
free  delivery,  X?,—  infinity,  Es  =  0,  y  depends  on  design. 

qjj 

The  relation  —  appears  offhand  to  offer  the  easiest  method 
a 

of  varying  specific  speed,  therefore  we  find  many  fan  builders,  offer¬ 
ing  fans  of  one  type  and  wheel  diameter  combined  with  two  or  more 

yj 

widths.  There  are  limits,  however,  to  the  value  of  —  if  efficiency 

a 

is  to  be  maintained.  Wide  wheels  necessarily  have  relatively  restricted 
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inlets,  while  very  narrow  wheels  have  high  friction  losses  through 
the  wheel  and  due  to  the  exposed  sides  of  the  wheel.  Since  the  varia¬ 
tion  of  K  is  as  the  square  root  of  ^7  the  ultimate  range  of  specific 

a 

speed  due  to  permissible  variations  in  wheel  width  is  comparatively 
small. 

Varying  X  and  y  has  fascinated  fan  designers  for  many  years; 
hence  the  many  odd-shaped  blades,  inlets,  wheel  tapers,  scrolls,  etc. 
The  disappointing  phase  of  this  history  is  the  fact  that  for  good  effi¬ 
ciency  with  various  prevalent  designs.  X  goes  down  when  y  goes 
up,  thus  largely  keeping  these  two  factors  in  balance. 

The  product  Xy  which  we  shall  call  capacity  factor  Z  has 
interesting  algebraic  possibilities. 


T7  .  . . .  ~  7r  d2  w  A  y 

r  rom  equation  ( 1 ) ,  C  =  - ZnTn -  >  and  V  = 


From  equation  (2),  X  — 


Therefore  Z  =  Xy  — 


6912 

7T  d  X 


12  X  4005  VP 
576  C 


diu  X  4005  '  P 


6912  C 

IT  d-  wN  ‘ 


Capacity  factor  Z  takes  into  consideration  the  following: 

Capacity  in  cubic  feet  per  minute,  C. 

Pressure  in  inches  of  water-gage,  P ,  corrected  to  dry  air  at  70 
degrees  F.  and  29.92  inches  of  mercury. 

Diameter  of  wheel  in  inches,  d. 

Width  of  wheel  in  inches,  w. 

Since  for  any  correlated  values  of  X  and  y,  there  are  correspond¬ 
ing  values  of  efficiency  E T  and  Es  for  a  given  design,  performance 
curves  using  Z  as  a  base  and  values  of  E  as  ordinates  may  be  plotted. 

Fig.  1  shows  some  representative  curves  with  values  of  K  as 

abscissae  and  corresponding  values  of  E  and  X  as  ordinates. 

Fig.  2  shows  curves  using  Z  (capacity  factor)  as  abscissae  and 
corresponding  values  of  E  and  Ar  as. ordinates. 

It  is  to  be  hoped  that  fan  manufacturers  will  co-operate  with 
their  customers  by  publishing  charts  of  performance  of  their  various 
designs  plotted  as  in  Fig.  1  and  2.  Engineers  interested  in  fan  appli- 
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Fig.  1.  Efficiency  and  Ratio  Plotted  against  Specific  Speed. 


cations  could  then  aim  to  keep  specific  speed  within  desirable  limits 
and  could  check  capacity  factors  Z  from  the  required  capacity,  pres¬ 
sure  and  wheel  dimensions.  This  method  would  completely  solve 
fan  problems  involving  choice  of  speed  by  the  fan  manufacturer.  It 
would  also  turn  the  light  on  the  engineering  investigation  yet  neces¬ 
sary  to  offer  to  the  trade  truly  efficient  direct-connected  fans  that 
would  be  comparable  with  modern  centrifugal  pumps. 

In  order  to  visualize  fan  performance  in  a  broad  way,  the  author 
has  developed  charts  from  the  following  algebraic  analysis : 
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Fig.  2.  Efficiency  and  Ratio  Plotted  against  Capacity  Factor. 


Since  capacity  factor  Z  = 


576 


+005  Zdw 


dw  x  4005  \P’\  P  576 

Since  Z  varies  from  0  to  some  maximum  desirable  limit  for  each 
type  of  fan,  a  chart  may  be  prepared  showing  standard  values  of  d; 

c 

w  being  a  function  of  d  with  Z  as  abscissae  and  ^  ^  as  ordinates. 

Fig.  3  shows  radiating  lines  with  wheel  diameters  given  in  feet 

w 

with  scale  for  a  value  of  0.5  for  . 

d 


180000 


160000 


140000 


120000 


100000 


80000 


60000 


40000 

20000 


30  50  70  90  110  113  150  170  190  210  230  250  270  290  310  330. 

Fig.  3.  Standard-Diameter  Diagram. 

On  this  diagram,  the  Z  (capacity  factor)  scale  can  be  changed 

<UJ  ...  .  • 

for  other  values  of  —  by  simple  arithmetic,  the  scale  changing  m- 

d 

VJ  .  ZV 

verselv  as  the  ratio  —  .  Thus  if  w  —  d,  —  =  1.0,  and  when  com- 

d  d 

ZV 

pared  with  Fig.  3.  which  is  based  on  —  =  0.5,  the  Z  scale  should  be 

d 
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half  of  that  shown.  Where  a  Z  value  of  50  is  shown  for  =  0.5, 

a 

iv 

a  Z  value  of  25  would  be  used  tor  —  =  1.0. 

a 

Likewise  a  diagram  may  be  prepared  showing  C  =  cubic  feet 

Q 

per  minute  as  abscissae,  tzt  =  d>  as  ordinates,  and  P  in  various 

\  P 

C 

values  of  diagonal  lines.  This  curve  is  not  shown  because  <f>  — 

is  so  readily  figured  on  a  slide-rule. 

In  Fig.  2  are  shown  Z-E  and  Z-X  curves,  which  are  also  based 

Zi1  - 

on  a  Z  scale  for  —  =  0.5. 

a 

dN 


7 r 


12  X  4005  s  P 
_  <pP 


~  we  can  let  t!/  = 


12  X  4005  X 


7T 


Since  X  — 
dN 

~  ,  whence  A 
N  P  d 

This  permits  further  graphical  solution  by  drawing  lines  for 
various  values  of  P  with  dN  as  abscissae  and  as  ordinates. 

This  is  shown  in  the  upper  part  of  Fig.  4  with  camouflaged 
scales  for  6  and  dN  corresponding  to  the  marked  <{/  scale  in  Fig.  2. 

A  diagram  may  also  be  constructed  showing  standard  values  of 
d  with  dN  as  abscissae  and  N  as  ordinates.  Such  a  diagram  is  shown 
in  the  lower  part  of  Fig.  4. 

It  should  be  pointed  out  that  for  the  purposes  of  this  paper  no 
attempt  has  been  made  to  have  the  scales  for  capacity  factor  Z  and 
dN  depict  actual  fans. 

The  general  use  of  these  diagrams  will  now  be  shown. 

For  solving  problems  of  adjustable-speed  fans,  C  and  P  being 
C 

known,  ~=z  can  be  computed.  A  suitable  efficiencv  taken  from  fig.  2 
VP 

fixes  an  approximate  location  of  Z,  and  using  Fig.  3  the  nearest  cor¬ 
rect  value  of  d  is  obtained.  This,  in  turn,  fixes  the  value  of  Z 

c 

when  the  horizontal  line  intersects  the  selected  d  radial  line. 

VP 

The  value  of  Z  fixes  a  value  of  ^  directly  above  the  aforementiond 
intersection. 
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Fig.  4.  Chart  for  Complete  Fan  Calculation 
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In  Fig.  4  reading  horizontally  across  from  the  scale  to  the 
required  pressure  P  fixes  a  value  of  dN .  Dropping  vertically  down 
to  the  chosen  wheel,  diameter  d  fixes  a  value  of  A  which  is  the  re¬ 
quired  revolutions  per  minute  of  a  fan  of  d  diameter  to  deliver  the 
required  volume  efficiently  at  the  required  pressure. 

Only  a  few  minutes  are  required  to  learn  if  a  smaller  fan  at 
higher  speed  may  be  sufficiently  efficient  to  be  a  good  purchase. 

It  is  also  evident  that  a  rapid  selection  may  be  made  for  a  stand¬ 
ard  fan  that  would  best  meet  performance  for  variable  service  be- 

C 

tween  major  and  minor  values  of  .  In  fact,  from  Fig.  2  and  4, 

VP 

such  operation  as  to  efficiency  may  be  seen  at  a  glance  and  only  a  few 
seconds  are  required  to  determine  the  range  of  speed. 

One  of  the  most  important  features  of  proper  fan  selection  is 
to  provide  for  the  probable  range  of  actual  operating  conditions  be¬ 
cause  calculations  of  air  problems  rarely  suit  actual  performance. 

In  order  to  solve  problems  of  fixed  speed,  a  different  procedure 
must  be  followed. 

From  Fig.  3  and  4,  it  is  readily  seen  that  the  diameter  of  the 
fan  must  lie  between  certain  limits  if  good  efficiency  is  to  be  obtained 
when  delivering  volume  C  at  pressure  P. 

From  the  determined  revolutions  per  minute,  using  the  lower 
part  of  Fig.  4,  intersections  with  the  tentatively  selected  diametric 
lines,  when  projected  vertically  upward  to  the  required  pressure  line, 

fix  values  of 

I 

Values  of  ^  below  the  range  of  the  chosen  fan  design,  as  given 
in  Fig.  4,  indicate  that  the  fans  selected  are  too  small. 

Having  found  a  fan  size  that  will  perform  at  the  given  pres¬ 
sure  and  revolutions  per  minute,  the  intersection  of  the  required 
value  of  6  and  the  Z-X  curve  locates  Z  the  capacity  factor.  On 
Fig.  4,  the  intersection  of  the  value  of  Z  and  the  selected  fan  size  fixes 
C 

the  value  of  "Tzr  whence  C  may  be  determined. 

VP 

To  fulfil  the  requirement,  C  must  be  not  less  than  the  specified 
capacity  and  as  close  to  this  required  volume  as  can  be  met  by  a 
standard  fan. 
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If  the  specifications  are  absurd,  as  many  fan  inquiries  are,  it 
may  be  expected  that  speeds  will  be  required  that  make  it  absolutely 
impossible  with  existing  designs  to  have  a  proper  installation.  It  is 
for  this  very  reason  that  the  writer  advocates  the  new  diagrams. 
Engineers  having  access  to  such  curves  would  naturally  draw  better 
specifications,  at  least  as  far  as  fixed  speeds  are  concerned. 

In  this  connection,  it  should  be  noted  that  proper  use  of  the 


formula  for  specific  speed  based  on  performance  K  = 


N  V  C 
79.72  PU 


also  show’s  limits  of  available  revolutions  per  minute  to  give  good 
efficiency. 

The  author  hopes  that  fan  manufacturers  wdll  co-operate  wdth 
engineers  by  adopting  a  standard  scale  diagram  combining  the  dia¬ 
grams  of  this  paper.  Such  a  combined  chart  wrnuld  enable  any  engi¬ 
neer  to  make  a  quick  survey  of  existing  designs  and  he  could  select 
the  type  or  types  most  suitable  for  his  problem. 


This  method  of  engineering  analysis  wrnuld  answer  the  manu¬ 
facturers’  demand  for  standards.  The  fan  industry  w’ould  not  have 
to  adopt  anything  radical — simply  a  convenient  graphical  solution 
for  fan  problems. 


Beyond  the  mere  convenience  of  the  graphical  solution,  there 
are  many  desirable  features.  They  are: 


Better  fan  specifications  by  the  purchaser. 

M  ore  definite  comparisons  between  competitive  fans  of  the 
same  fundamental  type. 

Gradual  elimination  of  exaggerated  claims  for  performance 
because  centrifugal  machines  naturally  perform  as  to  type. 

The  development  of  better  fans. 

The  development  of  more  types  of  fans  thereby  giving  fan 
users  a  broader  field  from  which  to  select. 

Better  direction  of  research  work  relating  to  fans. 

A  clearer  picture  of  the  fundamentals  of  fan  application. 

A  frank  recognition  of  specific  speed  such  as  has  permitted 
the  great  improvement  in  design  of  hydraulic  turbines  and  cen¬ 
trifugal  pumps. 

A  simple  check  of  existing  installations. 
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Thus  if  it  be  known  that  a  fan  of  definite  proportions  is  re¬ 
quired  to  deliver  a  fixed  volume  at  some  pressure,  the  capacity  factor 
Z  may  be  readily  computed.  From  the  manufacturer’s  capacity  fac¬ 
tor,  the  relative  point  of  performance  is  located  and  it  can  be  seen  at 
a  glance  whether  the  fan  is  too  large  or  too  small  for  the  job. 

It  also  would  show  when  standard  fans  should  be  replaced  by 
special  designs. 

The  laying  out  of  special  fans  would  become  relatively  simple. 
Conditions  fix  specific  speed  Design  fixes  the  corresponding  ratio,  X. 
The  chosen  revolutions  per  minute  and  required  A"  fix  the  diameter. 
Specific  speed  fixes  the  efficiency  for  the  design  chosen.  Therefore,  a 
similar  special  fan  may  be  readily  computed.  With  a  wide  range  of 
types  and  the  determination  of  the  effect  of  changing  relative  width, 
it  is  possible  to  choose  the  best  combination  of  type  and  relative  width. 

The  reader  will  no  doubt  visualize  many  further  steps  that  may 
be  taken  to  bring  the  centrifugal  fan  into  place  where  it  will  be  bet¬ 
ter  understood  and  more  scientifically  designed  to  meet  required 
conditions. 


DISCUSSION 

D.  E.  Cutler:*  1  think  Air.  Carpenter  deserves  a  great  deal 
of  credit  for  the  amount  of  time  and  work  he  has  put  on  his  very 
interesting  paper,  and  for  the  points  which  he  has  brought  out.  I  am 
not  familiar  with  the  types  of  fans  which  have  been  discussed  here 
to-night,  as  my  experience  has  been  with  centrifugal  machines  com¬ 
monly  known  as  turbo-blowers.  The  general  characteristics  of  the 
two  classes  of  machines  are  quite  similar  and  the  problems  of  the 
manufacturer  of  fans  and  the  manufacturer  of  turbo-blowers  are  very 
much  along  the  same  lines. 

There  are  a  few  interesting  points  in  connection  with  designs  of 
blowers.  There  has  been  considerable  discussion  concerning  the  char¬ 
acteristics  of  fans  with  radial,  backward-sloping,  and  forward-slop¬ 
ing  blades.  The  amount  of  energy  which  is  put  into  a  blower  wheel 
exists  at  the  lip  of  the  wheel  principally  in  the  form  of  pressure 
energy  and  velocity  energy.  The  velocity  energy  should  be  converted 
to  pressure  energy  in  the  most  efficient  manner.  This  is  accomplished 
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by  slowing  down  the  velocity  of  the  gas  through  discharge  vanes  or  a 
diffuser  passage  or  some  similar  arrangement. 

The  discharge-vane  type  of  conversion  results  in  an  efficiency 
curve  which  is  relatively  good  at  a  narrow  range,  but  drops  off  quite 
rapidly  on  both  sides  of  the  normal  point.  Experience  has  shown  us 
that  with  the  diffuser  type  of  conversion  an  efficiency  curve  can  be 
obtained  with  a  relatively  wdde  range  of  high  efficiency.  Referring 
to  the  characteristics  of  various  kinds  of  blades,  it  has  been  found 
by  experiment  that  a  radial-blade  wheel  can  be  given  practically  any 
characteristic  within  certain  limits,  by  changing  the  design  and  shape 
of  the  diffuser  passage. 

Experiments  have  shown  that  by  adding  an  inlet  nozzle  of 
the  proper  shape  to  guide  the  air  properly  into  the  wheel,  an  in¬ 
crease  in  efficiency  is  obtained.  The  elimination  of  eddy-currents  and 
shock  losses  also  results  in  higher  efficiency.  Of  course  these  features 
all  add  to  the  cost  and  the  selling  price  of  the  unit.  Generally  the 
saving  wTill  easily  justify  the  extra  expense. 

I  think  the  operating  engineers  can  help  a  great  deal  by  famil¬ 
iarizing  themselves  with  the  characteristics  wThich  Mr.  Carpenter  has 
pointed  out  and  I  am  sure  it  -would  be  a  real  incentive  to  the  builders 
of  blowers  to  know  that  desirable  operating  characteristics  and  high 
efficiency  would  be  recognized. 

J.  F.  Barnes:'*  After  the  scholarly  paper  by  our  distinguished 
retiring  chairman — obviously  the  culmination  of  many  years  of 
thought  and  research  on  this  subject — I  am  a  little  reluctant  to  add 
any  remarks  about  fan  application  and  selection  as  made  by  engineers 
who  are  not  primarily  fan  specialists.  However,  many  fan  applica¬ 
tions  for  manufacturing  plants  are  so  made  and  a  brief  and  humble 
experience  as  a  fan  engineer  led  the  writer  to  suspect  that  some  appli¬ 
cations  might  possibly  have  been  improved. 

I  believe  you  are  all  familiar  with  the  curves  of  air  delivery, 
static  pressure  and  horse-power  as  commonly  furnished  by  fan  manu¬ 
facturers  for  a  given  size  of  a  particular  style  of  fan  at  some  specified 
r.p.m.  Perhaps  you  have  even  demanded  these  for  one  or  two  sizes 
and  speeds  of  fan  before  accepting  the  fan  salesman’s  proposition.  I 
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show  in  Fig.  5  a  set  of  curves  of  this  sort  which  have  been  prepared 
for  a  given  size  of  backward-blade  fan  directly  driven  by  a  60-cycle 
motor.  This  curve  has  been  developed  from  characteristic  perform¬ 
ance  curves  two  of  which  are  shown  in  hig.  6  for  three  styles  of  fans. 
Now  if  your  manufacturer  has  given  his  cubic  feet  per  minute  de¬ 
livery  and  static  pressure  in  inches  of  water  together  with  the  brake 
horse-power  required,  a  figure  on  the  fan  efficiency  may  be  had  from 
the  ratio  of  air  horse-power  to  brake  horse-power.  The  air  horse¬ 
power  you  may  obtain  from : 


AHP  — 


CFM  X  TP 
6356 


V  =  10962 


CFM  X  (SP  A-  VP) 

6356  . V  ; 

. (2) 


In  these  equations, 

CFM  —  capacity  in  cubic  feet  per  minute. 

TP  —  total  pressure  (dynamic)  in  inches  of  water. 

SP  —  static  pressure  in  inches  of  water. 

VP  —  velocity  pressure  in  inches  of  water. 

V  —  velocity  in  the  fan  outlet  pipe  in  feet  per  minute. 
w  —  weight  in  pounds  per  cubic  feet  of  air  =  0.07488  for 
68  degrees  F.  and  29.92  inches  of  mercury. 

Equation  ( 1 )  above  is  derived  from 

rrn  _  Weight  of  air  per  minute  X  H 

HF  ~  33,000  ’ 

in  which  H  =  head  in  feet  of  air. 

Equation  (2)  is  derived  from  the  law  of  falling  bodies, 

v  =  V  2  gH, 

by  the  simple  substitution  of  conversion  values  for  <7,  feet  per  second 
to  feet  per  minute,  and  head  in  feet  of  air  to  head  in  inches  of  water. 
The  derivation  of  these  will  be  found  in  the  Standard  Test  Code  for 
Fans  as  promulgated  by  the  American  Society  of  Heating  and  Venti¬ 
lating  Engineers,  and  the  National  Association  of  Fan  Manufacturers. 

Engineers  not  intimately  working  with  fans  usually  do  not  have 
available  characteristic  curves  of  fans  of  various  types  and  often  but 
little  information  for  calculating  the  duct  resistances  of  new  lay-outs. 
For  this  reason,  the  selection  of  the  type  of  fan  is  usually  left  to  the 
fan  manufacturer.  A  comparison  of  the  three  ordinary  types  may 
be  had  from  curves  A,  B,  and  C,  in  Fig.  6.  In  these  I  have  tried 
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to  plot  the  variations  in  water-gage  of  typical  fans  of  these  three 
types  between  the  extremes  of  a  completely  shut  off  condition,  and 
100  per  cent,  capacity,  where  the  fan  is  operating  at  free  delivery 
without  duct  resistance.  The  curves  of  static  or  water-gage  readings 
are  plotted  as  a  ratio  to  the  pressure  corresponding  to  the  tip  of 
speed  of  the  wheel.  These  have  been  reduced  to  equal  speeds  and 
sizes  by  the  law  of  similarity  or  comparison  whereby  the  r.p.m.  of 
similar  machines  would  vary  inversely  as  their  linear  dimension  when 
running  at  corresponding  speed  : 

Horse-powers  vary  as  (r.p.m.)3  for  the  same  size. 

Pressures  vary  as  (r.p.m.)2. 

Horse-powers  vary  as  (pressure)3'-. 
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Fig.  6.  Comparative  Characteristic  Curves. 

These  laws  are  usually  assumed  to  be  accurate  for  the  whole 
range  of  performance,  and  their  use  allows  one  characteristic  curve 
to  be  used  for  the  whole  range  of  speeds  for  the  entire  range  of  sizes 
where  the  fans  are  of  similar  proportions. 

By  comparison  of  the  water-gage  curves  of  Fig.  6  it  will  be 
noted  that  for  the  same  point  of  operation  the  three  fans  have  radi¬ 
cally  different  pressure  characteristics.  This  means,  conversely,  of 
course,  that  for  the  same  water-gage  and  operation  at  the  same  per¬ 
centage  of  free  delivery  capacity  the  three  fans  would  have  to  be  run 
at  radically  different  speeds.  Briefly,  for  operation  at  the  maximum 
point  of  efficiency  the  backward-blade  fan  C  is  applicable  to  rela¬ 
tively  high  speeds  as  found  in  direct  drive;  the  paddle-wheel  fan 
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being  applicable  to  intermediate  speeds  and  the  squirrel-cage  type 
being  limited  almost  entirely  to  low  speeds. 

Now,  from  a  brief  study  of  the  efficiency  curves  of  the  three  fan 
types,  it  is  fairly  apparent  that  the  best  operating  range  for  the  back¬ 
ward-blade  fan  is  from  20  to  40  per  cent,  of  its  free  delivery ;  for 
the  paddle-wheel  type  from  40  to  80  per  cent,  of  its  free  delivery; 
and  for  the  fan  with  forward-curved  blades,  from  50  to  60  per  cent, 
of  free  delivery. 

It  is  a  characteristic  of  the  efficiencies  that  fans  when  operating 
at  free  delivery  do  not  usually  have  a  very  high  mechanical  efficiency. 
This  is  to  be  expected  as  housed  fans  have  been  designed  for  operat¬ 
ing  against  a  resistance. 

As  pointed  out  by  Mr.  Carpenter,  the  service  of  the  particular 
installation  in  view  usually  narrows  down  the  choice  of  fan  types 
due  to  the  limitations  of  the  particular  types  as  regards  dust,  tem¬ 
perature,  fly  ash  in  induced  draft,  etc.  Then  again  the  economies  of 
the  particular  installation  quite  often  determine  the  advisability  of 
increasing  the  investment  to  purchase  higher  efficiency  through  a 
more  complex  and  higher  priced  fan  or  through  a  larger  sized  fan  of 
the  same  type  so  as  to  bring  the  actual  performance  at  a  percentage 
of  free  delivery  which  will  give  a  better  point  on  the  efficiency  curve. 
In  this  respect  the  actual  limitations  of  any  of  these  types  of  fans  may 
narrowly  mark  out  the  selection  to  be  made.  For  instance,  the  lim¬ 
iting  stress  in  the  reinforcing  rings  on  the  backward-blade  fans  will 
often  limit  the  maximum  rim  speed  in  this  fan,  thus  either  definitely 
limiting  the  maximum  r.p.m.  for  a  particular  wheel  diameter  or  def¬ 
initely  limiting  the  maximum  wheel  diameter  for  a  given  direct- 
drive  motor  speed.  In  ventilation  work  the  problem  of  silence  def¬ 
initely  limits  both  the  maximum  rim  speed  and  the  maximum  air 
velocity  which  may  be  used  through  the  fan  outlet.  Obviously  these 
values  are  not  the  same  for  the  different  types  of  blades  or  blade 
angles. 

In  many  cases  the  fan  engineer  can  rather  closely  estimate  the 
operating  efficiency  of  any  of  these  types  for  a  particular  application 
(by  curves  similar  to  Fig.  6)  simply  from  the  efficiency  correspond¬ 
ing  to  the  ratio  of  water-gage  (static  pressure)  to  the  pressure  cor¬ 
responding  to  the  maximum  rim  speed  of  the  wheel.  In  applying  the 
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fan  with  forward-curved  blades  to  mine  work,  the  ratio  of  static 
pressure  to  pressure  corresponding  to  the  rim  speed  is  usually  about 
the  best  for  economy  and  efficiency.  In  this  work  a  hyperbolic  curve 
of  values  similar  to  Mr.  Carpenter’s  y  has  for  ten  or  eleven  years, 
been  used  by  some  of  the  fan  manufacturers  in  their  selection  of  mine 
fans,  the  fan  being  proportioned  by  installing  empirical  values  for 
this  and  other  constants  in  the  y  formula. 

None  of  the  curves  shown  in  Fig.  6  is  in  any  wise  new  or 
novel  to  the  fan  industry.  In  fact  these  are  only  a  few  of  the  many 
characteristic  curves  plotted  by  all  of  the  large  fan  manufacturers 
for  practically  every  variation  of  fan  design.  Their  characteristics 
vary  greatly  with  special  designs  of  blades  and  blade  angles.  Some 
manufactures  include  charts  of  graphical  solutions  for  the  more  com¬ 
monly  used  fans. 

I  think  even  a  casual  study  of  the  efficiency  curves  in  Fig.  6  will 
show  that  the  selection  of  a  fan  for  a  given  installation  requires  a 
great  deal  of  care  on  the  part  of  the  engineer  if  the  fan  is  to  operate 
at  or  near  its  maximum  efficiency.  In  practically  all  the  types  the 
efficiency  drops  oft  rapidly  as  the  relative  capacity  decreases  below 
the  point  of  maximum  efficiency.  It  is  thus  just  as  bad  for  efficiency 
to  install  a  fan  which  is  much  too  large  for  the  duty  required  as  it 
is  to  install  one  which  is  much  too  small.  Quite  often  this  latter  con¬ 
dition  arises  from  an  overestimate  of  the  static  resistance  of  the  duct 
system  for  the  required  air  delivery.  The  degree  to  which  it  is  pos¬ 
sible  to  calculate  or  approximate  the  water-gage  is  in  itself  a  measure 
of  the  final  efficiency  of  the  fan  operation. 

It  will  be  realized  that  for  direct  drive  it  may  be  difficult  to 
select  a  size  of  fan  which  will  have  a  synchronous  motor  speed  fall 
upon  a  point  at  or  near  maximum  efficiency.  Then  a  compromise 
between  several  fan  sizes  must  be  selected.  In  doing  this  an  analysis 
of  the  change  of  characteristic  of  the  efficiency  curve  toward  or  away 
from  the  point  of  maximum  efficiency  must  usually  be  made  for  each 
of  the  fan  sizes  to  secure  the  best  fan  selection. 

This  rather  lengthy  discussion  of  what  may  seem  like  old  stuff 
to  the  fan  men  here  has  been  made  only  because  I  believe  there  are 
many  general  engineers  interested  in  improving  the  efficiency  of  their 
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fan  installations,  many  of  which  operate  continuously  and  can  pile 
up  enormous  power  costs. 

Perhaps  some  day  fan  manufacturers  may  be  able  to  perfect  an 
analysis  of  fan  blade  and  volute  characteristics  which  will  accurately 
prognosticate  the  performance  of  new  blade  angles  and  designs  before 
construction  of  new  fan  types.  However,  no  one  knows  whether  such 
development  will  come  from  analysis  on  a  basis  similar  to  centri¬ 
fugal  pumps,  hurdling  the  mental  hazard  of  comparing  results  with 
the  compressible  medium,  or  whether  these  developments  will  come 
by  an  analysis  of  fan  characteristics  after  the  graphic  and  mathemat¬ 
ical  methods  familiar  to  steam-turbine  design  analysis.  It  would  not 
seem  difficult  for  instance  to  bridge  mentally,  the  easy  converse  be¬ 
tween  expansion  in  the  moving  blades  in  a  reaction  turbine  and  com¬ 
pression  in  the  blading  of  a  fan  w7ith  forward-curved  blades.  Even 
the  jump  from  a  theory  developed  on  expansion  as  a  gas  with  all  its 
temperature-pressure  relation  ramifications  to  a  theory  for  air  in 
centrifugal  fans  sometimes  does  not  seem  as  difficult  as  comparisons 
using  the  fluid  medium,  water,  and  air. 

L.  R.  Robinson  :*  There  are  several  things  that  Mr.  Car¬ 
penter  has  explained  very  well.  In  volumetric  efficiency  we  have 
found  in  several  experiments  that  it  varies  a  great  deal.  Aside  from 
the  different  pitching  of  the  blades,  the  variation  of  the  throat  and 
the  width  of  casing  affect  this. 

C.  W.  DAUBERT:f  Mr.  Carpenter’s  paper  certainly  is  along 
the  lines  on  which  information  is  necessary.  I  want  to  mention  his 
poifLt  that  when  a  fan  is  to  be  purchased,  it  should  not  be  necessary 
at  that  time  to  go  into  the  theory  of  fan  design  to  be  able  to  sell  the 
fan.  The  purchaser  can  not  take  time  to  investigate  each  type  and 
make  of  fan,  and  the  efficiency  of  the  various  shapes  and  twists  of 
blades,  widths,  etc. 

If  the  manufacturers  could  agree  on  some  standard  means  of 
testing  and  showing  results  whereby  we  could  really  get  the  effi¬ 
ciency  and  characteristics  of  fans,  it  would  help  a  lot  in  the  selection 
of  the  proper  fan  with  regard  to  the  size  and  characteristics  -which 
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are  required.  We  want  to  know  accurately  also  what  a  fan  will  do 
at  one-half,  one-third  or  two-thirds  load,  depending  on  operating 
conditions  involved  in  furnaces  or  boilers,  or  whatever  the  fan  ap¬ 
plication  may  be.  The  power  question  is  important  in  certain  instal¬ 
lations,  but  in  others  it  is  not  so  important  because  you  may  want 
certain  operating  characteristics  even  at  the  expense  of  power. 

I  can  not  quite  see  where  you  have  an  ultimate  gain  in  overall 
efficiency  even  though  you  do  buy  a  high-efficiency  fan  if  advantage 
can  not  be  taken  of  the  efficiency  because  the  duct  system  will  not 
take  the  air,  or  will  take  too  much.  We  meet  conditions  like  that 
continually  and  if  the  fan  maker  could  stress  the  point  somewhat 
that  it  is  one  thing  to  get  the  air  out  of  the  fan  and  another  thing 
to  get  it  to  the  point  where  it  is  to  be  used,  Tat  would  help. 

Mr.  Carpenter  is  to  be  commended  for  his  excellent  effort  to 
establish  a  standard  method  for  showing  fan  performance. 

R.  R.  Robinson  :*  My  brother  spoke  about  the  changes  of 
throat  dimensions  affecting  the  performance  of  a  fan.  Some  time  ago 
I  started  testing  to  determine  the  relation  between  depths  of  the  fan 
throat  and  its  characteristic  operation.  As  yet  we  have  not  com¬ 
pleted  our  tests  so  that  I  can  not  give  accurate  figures  showing  these 
effects.  However,  we  do  know  that  not  only  the  volumetric  effi¬ 
ciency  or  capacity  of  the  fan,  but  also  the  mechanical  and  static 
efficiency  are  affected.  The  effects  are  caused  by  the  changes  in  area 
through  which  the  air  must  pass  in  leaving  the  fan. 

By  changing  only  the  scroll  depth,  the  static  and  total  pressure 
developed  can  be  changed  to  such  an  extent  that  the  specific  speed  of 
the  fan  at  various  points  of  operation  with  respect  to  the  volume  de¬ 
livered,  will  vary  a  great  deal. 

Mr.  Carpenter’s  method  of  establishing  the  size  of  fan  used  to 
meet  a  given  condition  is  the  quickest  and  most  accurate  method  that 
I  have  ever  seen  for  determining  the  actual  size  of  the  fan  and  the 
point  at  which  the  fan  must  operate  with  respect  to  its  characteristic 
curve.  But  it  must  be  borne  in  mind  that  the  specific-speed  method 
of  calculation  requires  a  special  fan  for  accuracy;  and  that  each  de¬ 
sign  must  have  its  specific  speeds  tabulated  over  the  entire  operating 
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scale  of  that  design ;  and  that  such  a  design  must  not  be  changed 
unless  the  tabulation  of  specific  speeds  is  changed.  In  other  words, 
even  though  the  wheel  design  is  maintained  in  constant  proportions, 
specific-speed  tabulations  of  a  certain  design  will  not  be  accurate 
unless  all  dimension  relations  of  the  entire  fan  as  a  unit  are  main¬ 
tained. 

With  regard  to  the  sealing  at  the  intake  of  the  fan,  I  think  it 
is  largely  a  matter  of  commercial  economy.  I  do  not  know  how  the 
leakage  of  air  around  the  fan  intake  can  be  measured  accurately 
except  by  observing  the  variation  of  pressures  at  the  fan  outlet  when 
various  methods  of  sealing  are  used.  When  elaborate  seals  are  built 
in  fans,  the  added  cost  of  production  is  so  high,  due  to  the  relatively 
larger  sizes  of  impellers  in  fans  than  in  pumps,  that  the  gain  in 
efficiency  will  not  save  enough  power  to  warrant  the  expense. 

I  remember  that  one  of  our  customers  was  presented  some  fig¬ 
ures  showing  efficiencies  of  85  per  cent,  in  the  operation  of  high- 
pressure  blowers,  and  he  inquired  of  Mr.  Estep  as  to  the  possibility 
of  obtaining  such  efficiencies.  He  was  told  that,  from  long  experience 
in  testing,  Mr.  Estep  had  not  found  many  blowers  to  have  an  effi¬ 
ciency  over  60  per  cent,  at  any  point  of  operation,  and  that  it  was 
unlikely  that  a  commercial  blower  would  be  made  to  perform  with 
an  efficiency  over  60  per  cent,  because  of  the  expense  entailed  in  con¬ 
structing  elaborate  sealing  rings  which  would  prevent  recirculation 
of  air  from  the  periphery  to  the  intake  of  the  wheel. 

It  must  be  borne  in  mind  that  designs  are  determined  by  pro¬ 
duction  costs  based  on  manufacturing  fans  which  are  generally  ac¬ 
ceptable.  Where  fans  are  stamped,  a  limited  number  of  dies  are 
used.  The  limit  depends  upon  demand  for  the  product. 

By  using  the  specific-speed  method  of  fixing  the  size  of  fan  to 
be  used,  an  exact  size  of  wheel  and  casing  must  be  built  if  accuracy 
is  to  be  obtained.  Where  dies  are  used  and  must  be  changed  for  a 
great  variety  of  sizes,  costs  become  prohibitive. 

The  question  of  selecting  fans  for  accuracy  is  then  largely  one 
of  economy.  The  economy  may  lie  in  power  consumed  or  in  the 
effects  of  the  operating  characteristics  on  the  process  for  which  air 
must  be  supplied. 
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Every  engineer,  in  specifying  fans,  should  consider,  then,  both 
the  efficiency  of  the  fan,  and  the  nature  of  the  operating  character¬ 
istics  with  respect  to  the  character  of  the  process  to  which  it  will  he 
applied.  Fan  manufacturers  should  be  required  to  submit  character¬ 
istic  curves  showing  the  point  at  which  the  fan  is  designed  and  the 
relation  between  the  static  and  total  pressures  created  by  the  fan. 
When  the  trade  demands  fans  built  to  exact  dimension,  and  finds  it 
economical  to  pay  the  higher  price,  manufacturers  will  supply  the 
needs. 

C.  A.  Carpenter:  Depending  on  its  design  a  forward-curved 
fan  normally  operates  with  a  volumetric  efficiency  between  300  and 
450  per  cent.,  a  backward-curved  fan  between  100  and  200  per  cent., 
and  a  radial-blade  paddle-wheel  fan  between  80  and  175  per  cent. 

Assuming  constant  wheel  diameter  and  uniform  scroll  design, 
wheel  and  corresponding  casing  widths  may  be  varied  quite  widely. 
When  too  wide,  a  fan  becomes  inefficient  due  to  inlet  restriction. 
When  too  narrow,  efficiency  is  reduced  due  to  windage  and  losses 
through  the  air  passages. 

There  is  no  doubt  that  forming  an  air  seal  around  the  inlets 
of  a  fan  is  advantageous. 

The  design  of  inlet  seals  is  governed  largely  by  the  required 
pressure  differential.  The  pressure  against  which  fan  seal  rings 
would  operate  would  be  very  small  compared  with  that  of  a  boiler- 
feed  pump. 

Pressure  blowers  require  better  seals  than  low-pressure  fans. 

I  can  not  state  why  70  degrees  F.  is  used  as  a  standard.  Not  all 
the  manufacturers  use  it. 

Referring  to  one  statement  of  Mr.  R.  R.  Robinson,  it  is  pretty 
well  known  that  changes  in  the  scrolls,  seals,  and  other  elements  of 
design,  have  an  effect  on  the  performance  of  any  centrifugal  ma¬ 
chine.  It  is  for  that  very  reason  that  the  fundamental  idea  of  spe¬ 
cific  speed  has  taken  hold  of  other  types  of  centrifugal  machinery 
such  as  hydraulic  turbines  and  centrifugal  pumps.  Years  ago  many 
designers  of  pumps  were  designing  to  meet  the  ideas  of  every  engi¬ 
neer  they  met.  Each  pump  turned  out  was  different  from  any  pre¬ 
viously  built.  They  finally  adopted  some  of  these  fundamental 
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mathematical  relations  expressed  by  specific  speed  and  now  they  work 
to  more  or  less  standardized  designs.  The  fan  manufacturers  have 
done  the  same  thing.  The  point  I  wish  to  emphasize  particularly  in 
this  connection  is  that  a  fundamental  test  must  be  the  basis  of  de¬ 
sign.  When  design  is  changed  the  new  equipment  must  be  tested  all 
over  again.  Once  having  a  design  that  has  been  thoroughly  tested, 
fans  of  differing  sizes,  speeds,  quantities  and  pressures  may  be  calcu¬ 
lated  quite  accurately. 

R.  R.  Robinson  :  I  did  not  intend  to  intimate  that  the  basic 
design  of  a  fan  should  be  changed  for  different  jobs.  Once  the  basic 
design  is  established  it  must  be  maintained,  all  dimensions  having 
constant  relations. 

C.  A.  Carpenter  :  I  did  not  mean  to  say  that  the  design  for 
every  job  might  mean  a  change,  I  wanted  to  indicate  that  changes 
in  design  mean  changes  in  the  relation  between  specific  speed  and 
efficiency;  consequently,  unless  the  new  design  has  been  tested,  accu¬ 
rate  predictions  of  performance  can  not  be  made. 

There  is  a  great  opportunity  ahead  of  the  fan  industry  to  de¬ 
velop  more  types  of  fans.  It  may  be  desirable  to  sacrifice  maximum 
efficiency  in  order  to  obtain  higher  working  efficiency  at  the  actual 
point  of  operation.  Occasions  arise  demanding  a  speed  of  1450  r.p.m. 
Possibly  highly  efficient  fans  may  be  obtained  to  run  at  1150  r.p.m., 
but  some  different  design  would  be  in  order  for  the  higher  25-cycle 

speed. 

Centrifugal  pump  builders  meet  almost  all  set  conditions  by 
changes  in  blading  and  wheel  proportions.  Fan  manufacturers  are 
staying  too  close  to  a  few  standards. 

Mr.  Cutler  showed  that  the  virtue  of  the  diffusion  type  of  casing 
is  not  only  to  slow  down  the  speed  of  the  air,  but  also  to  take  care 
of  the  higher  air  angle  at  discharge  so  as  to  prevent  extreme  eddy 
losses.  It  is  interesting  to  note  that  the  General  Electric  Company 
recognizes  the  real  problem  of  air  velocities  and  air  angles. 

Mr.  Daubert  brought  out  an  interesting  point  relative  to  peak¬ 
loads.  For  commercial  success  fans  should  have  a  broad  range  of 
operation  at  high  efficiency. 
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J.  A.  Graham  :*  What  feature  of  design  or  operation  will 
produce  a  fan  to  make  the  least  noise? 

R.  R.  Robinson:  The  noise  developed  by  a  fan  in  operation 
will  vary  with  the  variation  of  the  pressure-volume  relation.  When 
the  ducts  through  which  air  is  passing  are  straight  and  unobstructed 
a  hum  of  a  certain  intensity  and  pitch  will  be  evident.  If  these  ducts 
are  obstructed,  the  pitch  of  the  tone  will  be  raised,  or  if  the  obstruc¬ 
tions  are  such  as  to  cause  great  turbulence,  a  pulsating  noise  will  be 
heard.  Many  mining  engineers  become  so  familiar  with  the  constant 
tone  of  the  fan  operation  with  a  certain  water-gage  that  a  change  in 
the  tone  indicates  to  them  a  change  in  pressure  in  the  mine. 

The  intensity  and  tone  of  sound  created  by  a  fan  are  caused  bv 
the  vibration  in  the  air  as  it  passes  from  the  tips  of  the  blades  past 
the  cut-off.  If  the  tip  speed  is  relatively  high  and  the  cut-off  sharp, 
and  if  the  velocity  through  the  wheel  is  relatively  high,  the  sound 
will  be  much  greater  and  higher  in  pitch  than  is  the  case  when  veloc¬ 
ities  and  tip  speeds  are  low.  However,  tip  speeds  of  fans  are  de¬ 
termined  by  three  factors,  the  pressure  required,  the  volume  required 
and  the  r.p.m.  of  the  fan.  Every  centrifugal  fan  has  a  wide  range  of 
speeds  at  which  any  unit  of  that  design  may  be  operated  to  create  a 
certain  pressure.  So  by  varying  the  width  and  diameter  of  the 
wheel,  the  r.p.m.  and  tip  speed  may  be  changed  within  the  limits  of 
design,  to  change  the  noise  created ;  but  the  actual  size  will  be  de¬ 
termined  by  the  limitation  of  duct  sizes. 

As  a  rule  the  larger  the  fan  and  the  ducts  and  the  lower  the 
speed,  the  less  pronounced  the  noise.  However,  many  fans  have  been 
destroyed  by  turbulence  in  the  fan  wheels  when  the  fans  were  too 
large  for  the  ducts. 

There  is  one  more  remark  I  would  like  to  make  concerning  the 
backward-curved  fan.  With  blades  so  designed  as  to  allow  the  air 
leaving  the  wheel  to  flow  in  a  direction  nearly  tangent  to  the  peri¬ 
phery,  there  is  the  least  turbulence  and  consequently  the  least  abra¬ 
sion  when  the  air  is  dust  laden.  Our  experience  teaches  11s  that  such 
a  condition  can  be  obtained  only  with  a  backward-curve  type  of  fan 
with  blades  having  only  one  radius  of  curvature,  and  that  radius  the 
longest  possible  when  using  a  definite  pitch  of  blading. 


*Superintendent  of  Buildings  and  Grounds,  Shadyside  Academy,  Aspimvall,  Pa. 
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In  a  large  boiler  plant,  we  have  three  such  fans  which  have 
operated  five  years  without  repairs.  These  fans  handle  fly  ash,  that 
has  an  iron  content  of  12  per  cent.  An  engineer  of  a  prominent  steel 
company  told  us  that  he  had  examined  the  fans  and  found  them  to 
be  in  excellent  condition. 

1  want  to  say  a  word  about  the  general  duct  lay-out.  I  think 
the  majority  of  those  present  are  interested  chiefly  in  fan  application 
with  respect  to  fan  and  ducts  in  units.  We  have  found  from  ex¬ 
perience  that  in  the  average  duct  system  the  velocity  should  be  from 
15  to  20  per  cent,  of  the  velocity  due  to  the  static  pressure  desired 
at  the  certain  point,  if  best  efficiencies  are  to  be  obtained. 

It  is  important  to  avoid  abrupt  turns  unless  deflecting  plates  of 
proper  radii  are  placed  in  the  turns.  A  right-angle  turn  without 
deflecting  plates  or  curved  surfaces  to  direct  the  flow  of  air  will 
consume  all  the  velocity  head  so  that  a  higher  pressure  than  would 
be  needed  for  turns  of  long  radii  will  be  necessary  in  order  that  the 
full  volume  of  air  will  flow.  As  a  rule  from  15  to  20  per  cent,  of  the 
static  pressure  will  be  consumed  in  forcing  air  through  a  right-angle 
turn  when  no  deflection  plates  or  curves  in  the  duct  are  used. 

C.  A.  Carpenter:  In  order  to  make  use  of  the  various  dia¬ 
grams  clear,  I  have  included  in  Fig.  4  of  the  paper,  curves  which 
represent  no  particular  fan ;  also  a  set  of  lines  representing  various 
fans  according  to  wheel  diameters  in  feet  with  capacity  factor  as  a 
base,  and  cubic  feet  per  minute  divided  by  square  root  of  the  -water- 
gage  as  ordinates.  This  combined  diagram  will  enable  the  reader  to 
see  how  various  fan  calculations  can  be  made  graphically. 

With  suitable  co-operation  on  the  part  of  fan  manufacturers, 
it  would  be  possible  to  utilize  diagrams  of  the  type  illustrated  by  the 
author  to  permit  ready  comparison  of  all  standard  fan  designs.  Such 
a  procedure  would  have  great  advantages  in  the  gradual  elimination 
of  faulty  designs  and  the  undoubted  development  of  newer  types  of 
fans  that  would  permit  a  wider  selection. 


WATER-SUPPLY  OF  A  STEEL  PLANT* 

By  T.  J.  McLouGHLiNt 

Introduction.  In  summing  up  the  natural  and  economic  factors 
which  determine  the  geographic  location  of  the  steel  industry,  per¬ 
haps  the  first  requirement  is  an  abundant  supply  of  water.  I  know 
of  no  large  industry  in  which  the  availability  of  adequate  water- 
supply  is  more  essential.  Some  idea  of  the  volume  of  water  required 
can  be  gained  from  the  fact  that  it  requires  from  14,000  to  17,000 
gallons  of  water  per  ton  of  steel  produced.  Also,  from  the  fact  that 
one  large  steel  plant  in  the  Pittsburgh  district  uses  from  100,000,000 
to  130,000,000  gallons  of  water  a  day. 

Intake.  The  main  water  intake  of  a  steel  plant  is  one  of  its 
most  vital  points,  and  considerable  care  and  thought  have  been  given, 
especially  in  recent  years,  to  providing  against  possible  interruption 
in  the  flow  of  water  through  the  intake  tunnels.  Adequate  protec¬ 
tion  against  injury  through  floating  debris  and  ice  is  imperative.  In 
the  Pittsburgh  district  it  is  necessary  to  provide  a  means  for  pre¬ 
venting  floating  material,  such  as  leaves,  twigs,  ice,  etc.,  from  enter¬ 
ing  the  tunnels.  In  the  early  days  stationary  screens  were  almost 
entirely  used  and  installations  consisted  of  duplicate  screens  operating 
in  vertical  slots  separated  by  a  distance  of  six  to  ten  feet.  These 
screens  could  be  raised  or  lowered  to  remove  leaves  and  ice  which 
would  adhere  to  them.  This  parallel  system  of  stationary  screens  had 
many  disadvantages,  inasmuch  as  the  raising  and  cleaning  of  screens 
allowed  a  certain  amount  of  floating  material  to  enter  the  intake, 
and  made  necessary  an  elaborate  system  of  strainer  valves  throughout 
the  plant.  On  rare  occasions,  when  many  floating  leaves  and  twigs 
were  encountered,  these  screens  would  become  choked  so  that  the 
operation  of  cleaning  was  almost  impossible.  I  have  known  of  at  least 
one  occasion  when  it  became  necessary  to  blast  the  accumulations  in 
front  of  screens  to  prevent  the  loss  of  water  in  the  intakes.  With 
the  modern  type  of  variable-speed  traveling  screens,  with  which  most 
plants  are  now  equipped,  freedom  from  floating  material  is  assured, 
the  necessity  for  an  elaborate  system  of  strainer  valves  is  removed, 
and  the  danger  of  damage  to  pumping  machinery  (if  not  a  complete 
suspension  of  production)  is  reduced  to  a  minimum. 

*Presented  April  15.  1930.  Received  for  publication  July  29,  1930. 

fFuel  Engineer,  Duquesne  Works,  Carnegie  Steel  Co.,  Duquesne,  Pa. 
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River  Acidity.  Another  factor,  which  is  especially  important  in 
the  Pittsburgh  district,  is  the  chemical  condition  of  the  river  water. 
Since  most  of  the  large  steel  plants  in  the  Pittsburgh  district  are 
located  on  the  Monongahela  River,  it  might  not  be  amiss  to  consider 
those  waters.  The  character  of  the  Monongahela  River  varies  con¬ 
siderably  throughout  the  year.  During  the  late  winter  and  the  spring 
months,  the  level  of  the  river  is  usually  high  and  the  water  is  mostly 
surface  drainage.  In  the  summer  and  fall,  particularly  in  the  case  of 
a  dry  season,  a  large  proportion  of  the  river  consists  of  underground 
waters,  the  impurities  of  -which  gradually  concentrate  when  the  water 
falls  below  pool  level.  The  surface  waters  of  the  winter  and  spring 
are  bicarbonated,  and  of  high  turbidity,  and  contain  considerable 
quantities  of  floating  material  such  as  leaves,  twigs,  etc. ;  while  the 
underground  -waters,  because  of  percolation  through  pyritic  coal¬ 
bearing  strata,  contain  considerable  free  sulphuric  acid.  The  results 
of  typical  analyses  of  the  -water  at  the  periods  mentioned  are  given 
below,  column  A  representing  the  condition  when  the  river  is  very 
low;  column  B,  after  rain  had  partially  cleared  pools  of  the  acid 
present  at  the  time  of  sample  A;  and  column  C,  during  a  high  river. 
All  compositions  are  in  parts  per  million. 


A 

B 

C 

Volatile  and  organic  matter . 

....  5.1 

4.3 

33.5 

Silica  . 

....  10.6 

5.8 

9.5 

Oxids  of  iron  and  aluminium . 

....  33.0 

5.0 

6.5 

Calcium  oxid  . 

....  99.0 

48.5 

35.0 

Magnesium  oxid  . 

....  36.9 

14.4 

Sulphuric  anhvdrid  . 

....  333.6 

110.5 

58.7 

Chlorin  . 

....  21.8 

10.3 

9.0 

Free  sulphuric  acid . 

....  92.6 

28.8 

Sodium  oxid .  .  21.2 


In  order  to  protect  the  distribution  system  from  excessive  cor¬ 
rosion  during  the  period  of  high  acidity  it  is  necessary  to  neutralize  a 
considerable  portion  of  the  free  sulphuric  acid  with  lime,  fed  either 
dry  or  as  milk  of  lime. 

Blast-Furnace  Requirements.  Modern  blast-furnace  plants  are 
notably  large  consumers  of  water.  The  furnace  itself,  with  its  hearth 
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jacket,  tuyeres,  tuyere  coolers,  bosh  plate,  inwall  plates  (in  some 
cases  only)  and  cinder-hole  coolers,  requires  enormous  volumes.  In 
addition  to  the  furnace  proper,  the  stoves,  with  their  chimney  valves, 
hot-blast  valves  and  valve-seats,  burner  valves  and  valve-seats,  use 
considerable  quantities.  Cinder  granulation,  pig-casting  machines 
and  gas-washing  apparatus  are  additional  large  consumers.  Blowing 
equipment,  power-generating  equipment,  shops,  etc.,  swell  the  total 
demand.  This  multiplicity  of  consumers,  requiring  water  at  differ¬ 
ent  heads,  necessitates  a  large  capital  outlay  in  pumping  capacity. 
Many  intermittent  consumers  and  high-pressure  water  utilizers  neces¬ 
sitate  individual  pumping  capacity  to  supply  their  requirements.  Much 
of  the  water  needed  for  furnace  cooling  is  repumped  and  reused  in 
other  parts  of  the  plant,  since  the  average  rise  in  temperature  through 
the  system  is  seldom  more  than  10  degrees  F.  A  typical  example  of 
water  requirements  for  the  blast-furnace  proper,  in  gallons  per  24 


hours,  is  as  follows: 

Upper  hearth  jacket .  254,500 

Lower  hearth  jacket .  384,500 

Tuyeres .  488,500 

Tuyere  coolers  .  542,700 

Hearth  plates 

First  row  .  354,500 

Second  and  third  rows .  430,100 

Fourth  row .  351,400 

Fifth  row  .  357,900 

Sixth  row  .  354,200 

Seventh  row  .  246,000 

Eighth  row .  168,900 

Ninth  row  .  160,900 

Tenth  row  .  123,500 

Eleventh  row  .  116,400 

Mantle  .  112,700 

Cinder  coolers .  149,300 

Hot-blast  valves  and  valve-seats .  549,000 

Stack  valves  .  300,000 

Burner  valves  .  276,100 


Total .  5,766,100 
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In  addition  to  the  above,  cinder  granulation,  pig  casting,  blowing 
equipment,  cooling  and  condensing,  gas  washing  and  other  numerous 
small  items  bring  the  total  consumption  per  furnace  up  to  approxi¬ 
mately  eight  million  gallons  (excluding  condensers)  a  day.  Many  of 
the  individual  items,  such  as  gas  cleaning,  pig  casting,  cinder  granu¬ 
lation,  vary  over  wide  limits,  depending  on  the  equipment  used  and 
on  purely  local  conditions;  other  items  have  a  seasonal  variation  due 
to  the  initial  temperature  of  the  water. 

Open-Hearth  Requirements.  The  cooling  water  required  by  an 
open-hearth  department  is  used  in  reversing  valves  and  valve-seats, 
in  stack  valves  and  their  seats;  in  port,  bulkhead,  skewback,  and 
slag-line  coolers ;  and  in  gas-burners.  All  furnaces  do  not  use  water 
cooling  to  the  same  extent,  since  the  requirements  of  a  producer-gas- 
fired  furnace  are  somewhat  different  from  those  of  a  furnace  fired  by 
natural  gas,  coke-oven  gas,  or  liquid  fuel. 

The  volume  of  water  utilized  by  open-hearth  furnaces  varies 
over  rather  wide  limits,  depending  on  the  size  of  the  furnace  and 
the  character  of  the  fuel  used.  Variations  of  from  2,000,000  to 
7,000,000  gallons  a  day  have  come  under  the  personal  observation 
of  the  author.  For  each  ton  of  ingots  produced,  the  consumption  in 
different  plants  will  range  from  2000  to  3000  gallons.  Those  plants 
which  are  fired  by  producer  gas  require  water  for  cooling  purposes 
at  the  producer  plant.  The  volume  required  per  producer  per  hour 
will  vary  from  300  gallons,  in  a  modern  plant,  to  as  high  as  600  gal¬ 
lons  per  producer  per  hour  in  some  of  the  older  plants. 

In  addition  to  the  cooling  water  required,  many  plants,  espe¬ 
cially  the  older  ones,  used  hydraulic  pressures  of  from  500  to  700 
pounds  per  square  inch  quite  extensively.  Hydraulic  power  is  used 
for  spout-crane  operation,  valve  reversing,  door  operation,  tilting  of 
mixers,  spotting  of  mold  cars,  spotting  of  hot  metal  ladles  at  mixers, 
etc.  The  requirements  for  this  purpose — depending  on  the  extent 
to  which  hydraulic  power  is  still  used — will  naturally  vary  consid¬ 
erably.  The  consumption  per  ton  of  steel  will  vary  from  zero  to  150 
gallons  per  ton  of  steel  produced. 

Blooming-Mill  and  Billet-Mill  Requirements.  Water  cooling 
at  soaking-pits  is  usually  confined  to  valves  (reversing  and  stack), 
and  in  some  cases  is  used  in  bridge  walls  between  the  pit  proper  and 
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the  regenerative  chambers.  The  quantity  varies  from  35  to  50  gal¬ 
lons  per  ton  of  steel  heated,  or  about  100,000  gallons  a  day  for  a 
heating  capacity  of  3000  tons  of  ingots. 

In  the  mills,  by  far  the  largest  part  of  the  cooling  water  is 
used  on  the  rolls  proper,  its  application  being  effected  through  a 
manifold  or  trough — located  above  the  top  roll  in  a  plane  passing 
through  the  roll  axles — containing  nozzles  or  holes  through  which  the 
water  falls  on  the  roll.  The  quantity  of  water  used  on  each  mill  will 
vary  considerably-  A  typical  installation  on  the  rolls  of  a  blooming- 
mill  showed  that  13,000  gallons  an  hour  were  used  on  the  rolls.  The 
bearings  of  this  same  mill  were  cooled  by  six  34-inch  sprays  and  they 
consumed  3600  gallons  an  hour.  A  three-high  roughing  mill  contain¬ 
ing  seven  passes,  four  of  which  were  filled  with  steel  simultaneously, 
required  37,500  gallons  an  hour  for  cooling  of  rolls  and  8000  gal¬ 
lons  an  hour  for  cooling  of  bearings.  A  21-inch,  six-stand,  cross¬ 
country  billet  mill  used  40,000  gallons  an  hour  for  cooling  of  rolls 
and  18,000  gallons  an  hour  for  cooling  of  bearings.  In  addition  to 
bearing  and  roll  water,  some  mills  (especially  the  older  types)  use 
water  sprays  on  the  pinion  necks.  Most  mills  use  some  water  cooling 
in  the  form  of  sprays  on  the  guides.  Besides  the  cooling  at  the  mill 
housing,  certain  auxiliary  devices  such  as  stamping  devices  and  shear 
knives  require  water-jets.  As  an  example  of  the  wide  variation  in 
water  requirements  in  some  blooming-mills  which  have  come  under 
the  author’s  observation,  the  variation  in  consumption  of  cooling 
water  ranged  from  500,000  to  6,000,000  gallons  a  day.  The  latter 
figure  was  taken  from  a  Mahoning  valley  plant  during  the  summer 
months  when  the  water  temperature  was  exceedingly  high. 

In  many  of  the  older  mills  hydraulic  power  is  used  entirely  to 
operate  the  mill  machinery.  Operation  of  soaking-pit  valves,  covers, 
pot-car  tilting,  devices,  mill  manipulators,  screw-downs,  reversing 
mechanisms,  shears  (usually  only  clutching  devices  of  large  shears), 
tables,  transfers,  stamping  devices,  hot  saws,  etc.,  is  effected  by 
hydraulic  power.  With  such  waters  as  the  Monongahela  River, 
which  at  times  carries  more  than  50  grains  per  gallon  of  silt,  these 
hydraulic  devices  require  considerable  attention  and,  during  such 
periods,  frequent  changes  in  control  valves  in  order  to  prevent  ex¬ 
cessive  leakage.  On  certain  finished  products,  such  as  sheet  bar,  it  is 
imperative  that  the  surface  be  free  from  scale.  In  rolling  such  ma- 
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terial,  high-pressure  water-jets  are  frequently  used  to  cleanse  the 
bars  during  the  process  of  rolling,  and  again  after  the  finishing  pass 
to  remove  the  last  traces  of  scale  and  to  cool  the  bar  quickly  to  a 
temperature  at  which  little  or  no  scale  will  form.  This  operation 
requires  from  30,000  to  50,000  gallons  an  hour. 

Smaller  mills  rolling  reheated  material  use  varying  amounts  of 
cooling  water  for  skewbacks,  roof  supports,  skids,  charging  roll  bear¬ 
ings,  etc.  This  quantity  will  vary  with  furnace  construction  from 
3000  to  10,000  gallons  an  hour.  For  mills  of  this  type,  water  for 
cooling  rolls  and  bearings  will  vary  from  30,000  to  100,000  gallons 
an  hour,  depending  on  the  type  of  mill  and  the  number  of  stands 
used.  Some  fewT  mills  of  this  type  use  hydraulic  power  for  heating 
furnaces,  pushers,  small  manipulators,  and  (in  the  case  of  three-high 
mills)  for  the  operation  of  tables. 

Condenser  Requirements.  The  water  requirement  of  the  con¬ 
densing  equipment  of  blast-furnaces  and  mills  is  a  large  and  varying 
amount.  In  the  Monongahela  valley  the  river  temperature  varies 
between  32  and  85  degrees  from  winter  to  summer,  so  that  in  the 
condensers  which,  with  one  or  two  exceptions,  are  of  the  barometric 
or  jet  type,  the  water  requirement  will  vary  considerably.  Some  idea 
of  the  volume  necessary  can  be  obtained  from  a  statement  that  the 
steam-driven  prime  movers — which,  because  of  location  and  grouping, 
can  be  operated  condensing  in  a  plant  producing  4500  tons  of  ingots 
(with  the  corresponding  quantity  of  pig-iron) — require  about  20,000 
generated  boiler  horse-power. 

Boiler  Feed-Water.  The  boiler  feed-water  requirements  of  a 
steel  plant  bear  no  fixed  relation  to  output,  but  depend  on  type  rather 
than  weight  of  production,  nature  of  prime  movers  employed,  and 
degree  of  concentration  of  powder-generating  capacity.  The  waters 
of  the  Allegheny,  Monongahela,  and  Ohio  rivers,  which  are  the 
source  of  supply  of  boiler,  as  well  as  cooling  water,  contain  scale¬ 
forming  impurities  which  must  be  removed  in  order  to  meet,  suc¬ 
cessfully  and  economically,  the  steam  demands  of  the  industry.  Since 
the  waters  of  these  rivers  are  not  particularly  well  adapted  for  sur¬ 
face  condensers,  the  generating  of  steam  is  almost  entirely  done  from 
treated  river  waters. 
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Steel  plants  having  a  steam  demand  of  25,000  to  35,000  boiler 
horse-power  are  numerous  and  the  boiler  feed-water  requirements  arc 
large.  Since  the  conditioning  of  feed-water  is  the  subject  of  a  later 
paper  at  this  meeting,  I  merely  mention  some  of  the  methods  now  in 
use  in  the  district. 

Some  few  smaller  plants  are  using  a  hot  lime-soda  process;  some 
are  using  continuous,  cold  lime-soda  treatment;  some  are  “zeolite” 
plants;  but  most  of  the  treatment  is  by  an  intermittent  lime-soda 
process  followed  by  filtration  of  the  gravity  or  pressure  type.  In¬ 
ternal  boiler  treatment,  which  has  in  recent  years  been  the  subject  of 
intensive  study,  is  rapidly  being  recognized  and  utilized  as  an  eco¬ 
nomical  and  effective  method  of  preventing  scale  formation  and  re¬ 
ducing  the  cost  of  steam  generation. 

I  have  prepared  and  reduced  to  graphical  form  a  typical  dis¬ 
tribution  sheet  for  the  water  in  a  modern  steel  plant.  This  is  shown 
in  Table  I.  All  figures  are  in  gallons  per  day  and  the  conditions  are 
those  of  a  typical  steel  plant  producing  daily  3000  tons  of  ingots. 
This  table  is  based  on  figures  obtained  entirely  from  plants  in  the 
Pittsburgh  district  and,  perhaps,  more  strictly  representative  of  prac¬ 
tice  in  this  section  than  in  the  more  eastern,  southern,  or  western 
steel-producing  centers.  The  problems  of  these  communities  I  have 
not  attempted  to  cover,  since  it  would  require  more  time  than  that 
allotted  for  this  presentation.  The  Illinois-Indiana  and  the  Buffalo 
districts,  with  their  lake  waters,  are  probably  most  highly  favored 
from  the  standpoint  of  quality  and  quantity;  the  southern  district  is 
tavored  from  the  standpoint  of  quality,  but  often  sorely  pressed  from 
the  angle  of  volume;  the  Mahoning  valley  is  rather  poorly  favored 
both  as  to  quality  and  quantity. 

The  wide  variation  in  volume  encountered  in  studying  the  con¬ 
sumption  of  various  plants  is  due  to  purely  local  conditions,  and  to 
the  desire  of  operators  to  be  sure  of  an  adequate  supply  of  water  pass¬ 
ing  through  cooling  devices  and  over  surfaces  to  be  protected.  Pump¬ 
ing  costs  vary  from  one-half  cent  to  one  cent  per  thousand  gallons 
and  interruptions  to  steel-mill  operation  are  extremely  expensive,  so 
that  economies  in  water  consumption,  which  must  be  small,  effected  at 
the  risk  of  mill  delays,  are  never  considered. 

Any  discussion  of  either  type  or  unit  of  pumping  machinery,  has 
been  purposely  omitted,  since  peculiarly  local  conditions  and  wide 
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variation  in  demand  preclude  even  the  most  sweeping  generalizations. 
Since  the  production  rates  of  various  departments  of  a  steel-mill  are 
always  carefully  co-ordinated,  continuity  of  operation  is  most  essen¬ 
tial.  Prime  movers  driving  pumping  machinery  are  always  so  chosen 
that  the  possibility  of  interruption  of  water-supply  is  at  a  minimum. 


DISCUSSION 

Edward  A.  Brown,  Jr.:*  In  making  a  study  of  water-supply 
for  the  steel  plant,  I  believe  at  the  present  time  one  of  the  items  of 
most  importance  is  the  thorough  application  of  the  principal  of  reuse 
or  recirculation. 

In  most  of  the  applications  of  water  for  cooling  purposes,  the 
temperature  is  immaterial  and  the  temperature  rise  is  usually  low. 
For  instance,  the  circulating  water  in  blast-furnaces  usually  rises  from 
but  seven  to  ten  degrees  F.,  and  this  water  after  passing  through  the 
furnace  coolers  is  just  as  good  for  further  cooling  as  it  was  initially, 
there  being  no  reason  why  it  could  not  be  used  two  or  three  times. 
The  question,  then,  immediately  rises,  as  to  why  a  smaller  quantity 
of  water  is  not  used  in  the  coolers  and  the  temperature  increased 
until  the  discharge  temperature  is  so  high  that  it  would  be  econom¬ 
ical  to  pass  it  to  the  sewer.  This  question  is  fundamental  where  many 
industrial  plants  are  provided  with  an  acid  water,  possibly  carrying 
considerable  mud.  As  soon  as  an  attempt  is  made  to  throttle  the 
water  by  valves  in  the  inlet,  either  mud  clogs  up  the  valves;  or  scale, 
which  is  formed  in  the  pipe  due  to  acid  corrosion,  etc.,  flakes  off  and 
plugs  the  valves  and  there  is  only  one  safe  way  to  operate  coolers 
under  such  conditions  and  that  is  to  let  them  flow  full,  for  while  this 
much  water  is  not  needed,  it  is  probably  essential  in  order  to  keep  the 
water  flowing. 

The  only  way,  then,  to  maintain  a  free  flow  and  obtain  a  suf¬ 
ficiently  high  discharge  temperature  is  either  to  pass  the  water  through 
a  series  of  coolers  connected  in  series  on  the  initial  pressure  head,  or 
utilize  the  initial  pressure  head  in  a  high  series  of  coolers  and  then 
pass  to  equipment  which  requires  a  lower  head,  and  so  on ;  finally, 
if  possible,  using  all  or  part  of  the  water  for  some  purpose  where  heat 
is  actually  an  asset,  such  as  for  boiler  feed-water  where  the  tempera- 
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ture  is  not  only  an  economy  in  fuel,  but  an  aid  in  treatment.  In  the 
above  process  it  may  be  necessary  to  collect  and  repump  the  water 
at  some  intermediate  point,  but  at  a  point  considerably  above  the 
initial  head  where  the  difference  between  initial  head  and  collecting- 
point  head  represents  gain. 

To  be  more  specific,  water  may  be  pumped  from  the  initial 
source  through  a  surface  condenser  at  sufficient  head  not  only  to  over¬ 
come  the  condenser  resistance,  but  also  to  raise  it  to  the  highest  point 
required,  and,  for  the  present,  we  will  assume  this  to  be  blast-furnace 
coolers.  After  passing  through  these  it  may  still  be  sufficiently  low 
in  temperature  to  serve  the  purpose  of  some  low-vacuum,  barometric- 
type  condenser,  many  of  which  still  exist  in  the  steel-mills;  or  it  may 
be  used  with  a  partial  boosting  for  gas-washing  purposes,  cinder  gran¬ 
ulating,  etc.  A  portion  may  first  be  shunted  off  for  boiler  feed-water 
use.  Even  though  this  may  not  be  possible  throughout  the  entire 
year,  it  probably  would  be  for  six  months  when  the  water  varies  from 
34  to  50  degrees  initial  temperature. 

I  believe  what  has  been  suggested  should  be  given  thorough  con¬ 
sideration  in  connection  with  the  water-supply  for  steel  plants. 

H.  B.  Mann  :*  The  vital  necessity  of  reliability  in  water-sup¬ 
ply  mentioned  by  Mr.  McLoughlin  is  a  limiting  factor  in  determin¬ 
ing  the  size  of  pumping  equipment.  However,  the  increased  demand 
of  the  mills  for  water  has  tended  toward  larger  units.  The  reliability 
of  such  units  has  been  increased  with  experience  in  building  large  tur¬ 
bine  pumps.  The  advantage  of  the  large  unit  is  not  primarily  economy 
but  saving  in  space  in  pump  houses  which  are  quite  expensive  and  in 
the  ability  to  get  increased  capacity  into  present  pump-house  buildings. 

In  view  of  the  wide  range  of  pressures  used  by  the  various  mills 
it  would  appear  that  economies  might  be  effected  by  a  careful  study 
of  distribution  systems.  In  some  cases  the  use  of  booster  pumps  to 
points  where  higher  pressures  are  required  in  the  mill  rather  than 
using  the  high  pressure  throughout  makes  a  considerable  saving  in 
cost  of  pumping  on  account  of  the  lower  head  for  the  general  system 
and  also  because,  at  the  lower  pressure,  less  water  is  wasted. 

As  to  the  deterioration  of  cooling  pipes  when  the  water  is  used 
at  high  temperatures  it  can  be  said  that  de-aerating  of  water  has 
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become  quite  a  simple  process  and  is  done  in  simple  equipment  with 
very  little  change  in  temperature  or  heat  content.  It  is  just  possible 
that  in  some  cases  de-aeration  might  solve  some  of  these  problems. 

O.  P.  Adams:*  I  want  to  ask  Mr.  McLoughlin  if  he  knows 
of  any  study  that  would  indicate  the  proper  point  to  which  it  is  desir¬ 
able  to  reduce  the  acidity  of  mill-service  water  by  the  addition  of  lime. 
The  cost  of  lime  for  reducing  the  maximum  allowable  acidity  in  the 
mill  water  from  two  grains  to  0.5  grain  per  gallon,  for  example, 
amounts  to  quite  a  large  sum  of  money  in  a  year  in  those  plants  lo¬ 
cated  on  the  Monongahela  or  Youghiogheny  rivers,  and  the  reduc¬ 
tion  in  maintenance  expense  due  to  the  lower  maximum  acidity  would 
have  to  exceed  the  cost  of  the  additional  lime  to  justify  the  pro¬ 
cedure.  Some  laboratory  tests  were  conducted  by  our  company,  and 
these  indicated  that  on  pipe  material  the  difference  in  the  corrosion 
rate  of  water  containing  two  grains  of  acid  per  gallon  and  that  con¬ 
taining  only  0.5  grain  per  gallon  was  very  slight,  and  that  the  higher 
corrosion  rates  occurred  with  an  acidity  higher  than  two  grains  per 
gallon.  In  these  tests,  however,  the  velocity  of  impact  of  the  water 
against  the  test  sample  was  much  lower  than,  for  example,  we  would 
have  around  the  disk  of  a  throttle-valve.  The  protective  effect  oi 
mineral  and  vegetable  deposits  and  oxids  is  apparently  very  great, 
and  as  this  protective  coating  is  removed  or  inhibited  by  high-velocity 
impact,  we  doubt  if  the  corrosion  rate  found  in  our  test  represents 
the  condition  actually  existing  in  the  valves  and  fittings  of  our  water 
systems.  We  would  be  interested  to  know  of  any  other  research  work 
along  these  lines. 


^Superintendent  of  Mechanical  Power,  National  Tube  Co.,  McKeesport,  Pa. 


WELLS  AS  A  SOURCE  OF  INDUSTRIAL 
WATER-SUPPLY* 

By  F.  Thorpe! 

Modern  methods  of  efficiency  in  machinery  and  management 
have  made  themselves  felt  in  well  drilling.  Instances  without  number 
can  be  cited  where  the  underground  water  found  in  sand,  gravel, 
or  sand  and  gravel  formations  has  been  abandoned  because  of  dif¬ 
ficulty  in  maintaining  a  reliable,  efficient  well. 

The  following  evolution  or  development  of  wells  is  to  be  con¬ 
sidered  : 

1.  Perforated-pipe  wells. 

2.  Small-diameter,  metal -strainer  wells. 

3.  Gravel-packed,  large-diameter,  metal-strainer  wells. 

4.  Gravel-packed,  slotted  concrete  wells. 

5.  The  porous  concrete  well. 

Pipe  wells  usually  consist  of  iron  or  steel  pipe  driven  into  the 
ground  with  the  lowest  ten  to  fifteen  feet  perforated  by  drilling  holes 
in  the  casing.  This  well  produces  small  volumes  of  water,  due  to  its 
limited  size  and  the  small  amount  of  open  area  of  strainer.  It  is 
subject  to  corrosion,  and  also  to  closing  up  of  the  holes  if  too  small, 
by  the  deposit  of  chemicals  found  in  all  well  water,  such  as  the  car¬ 
bonates  of  iron.  When  this  type  of  well  is  called  upon  to  deliver 
capacities  in  excess  of  100  gallons  a  minute,  the  water  velocity 
through  the  holes  in  the  casing  is  so  great  that  sand  comes  into  the 
well,  eroding  any  type  of  pumping  equipment  used.  Where  large  quan¬ 
tities  of  fine  sand  are  removed,  the  well  may  develop  a  sand  lock,  in 
which  case  the  sand  itself  shuts  of!  the  suppiy  of  water. 

Small-diameter,  metal-strainer  wells  are  subject  to  the  same 
conditions,  but,  due  to  the  ability  of  the  well  driller  to  select  more 
carefully  the  size  of  the  holes  or  slots  in  the  strainer,  it  is  possible  to 
secure  a  slightly  better  performance  than  is  obtained  from  the  perfor¬ 
ated-pipe  well. 

The  gravel-packed,  metal-strainer  well  of  large  diameter  is  the 
first  large-capacity  well  developed.  The  largest  well  of  this  type  con- 

*Presented  April  15,  1930.  Received  for  publication  Aug.  1,  1930. 

fPresident,  Thorpe  Concrete  Well  Co.,  East  St.  Louis,  111. 
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sists  of  a  metal  strainer  24  inches  in  diameter  and  from  10  to  50  feet 
long  which  is  surrounded  by  a  pack  of  gravel  usually  six  inches  thick. 
It  is  the  purpose  of  this  large  diameter  and  gravel  pack  to  expose  as 
many  square  feet  of  water-bearing  material  as  is  possible  with  this 
type  of  construction.  Wells  of  this  type  are  capable  of  producing 
from  500  to  2000  gallons  a  minute,  provided  the  natural  formation 
is  suitable.  The  capacity  of  this  type  of  well  is  determined  by  the 
amount  of  water  which  can  come  through  the  strainer  by  lowering 
the  water  in  the  well  with  a  pump.  The  main  disadvantages  of  this 
type  of  construction  are : 

1.  The  strainer  itself  is  subject  to  corrosion. 

2.  The  chemicals  found  in  all  well  waters  are  attracted  by  and 
deposited  on  the  strainer,  and  will  in  time  completely  close  the 
openings. 

3.  Due  to  the  relatively  small  open  area  of  the  strainer  in  com¬ 
parison  with  the  volume  of  water  taken  out,  the  water  velocities  are 
so  high  that  sand  comes  into  the  well;  for  instance,  in  a  well  having 
a  strainer  24  inches  in  diameter  and  25  feet  long,  the  total  external 
area  of  the  strainer  will  be  approximately  160  square  feet,  and  the 
total  open  area  of  the  strainer  will  not  exceed  16  square  feet.  The 
high  water  velocities  caused  by  this  restricted  area,  and.  the  accom¬ 
panying  frictional  losses,  must  be  overcome  by  increasing  the  differ- 
ence  between  the  static  water-level  in  the  well  and  the  water-level  in 
the  well  when  pumping,  which  factor  is  called  “draw  down,”  for 
convenience. 

In  the  gravel-packed,  slotted  concrete  well  it  is  possible  to  in¬ 
crease  the  length  of  the  strainer  so  as  to  make  it  the  full  length  of 
the  water-bearing  stratum,  and  at  the  same  time  provide  a  strainer  ma¬ 
terial  which  is  unaffected  by  corrosion  and  will  not  attract  the  deposit 
of  iron  carbonate.  The  maximum  diameter  of  well  possible  in  this 
type  is  32  inches.  This  type  of  construction  increases  the  total  open 
area  of  the  strainer  to  approximately  60  square  feet  for  each  hundred 
feet  of  slotted  casing  installed.  While  this  type  of  construction  permits 
a  greater  total  open  area  than  is  possible  with  the  metal-strainer  well 
without  increasing  the  cost  of  installation,  the  average  water  velocity 
at  the  periphery  of  the  strainer  is  in  excess  of  the  critical  velocity ; 
and,  further,  the  water  velocity  through  the  slots  is  high  enough  to 
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produce  considerable  friction  and  a  resulting  increase  in  “draw 
down.” 

The  porous  concrete  well  casing  is  36  inches  in  outside  diameter, 
and  26  inches  in  inside  diameter.  It  is  made  of  carefully  screened 
angular  gravel  and  cement  in  a  manner  which  does  not  sacrifice  its 
strength.  With  this  construction  it  is  possible  to  obtain  a  total  open 
area  equal  to  30  per  cent,  of  the  external  area  of  the  porous  concrete 
casing,  which  compares  favorably  with  the  eight  to  ten  per  cent, 
possible  in  slotted  concrete  casing,  and  the  five  to  ten  per  cent,  pos¬ 
sible  in  the  metal-strainer  construction.  Being  made  of  concrete,  it 
has  no  attraction  for  iron  carbonate  under  water.  The  following 
figures  are  taken  from  a  well  installed  for  the  city  of  Dover,  Tus¬ 
carawas  County,  Ohio,  which  is  102  feet  deep.  The  first  26  feet 
below  the  surface  are  cased  with  impervious  concrete  sections  of  the 
same  size  as  the  porous  concrete  casing.  The  rest  of  the  well  consists 
of  19  four-foot  sections  of  porous  concrete  well  casing  36  inches  in 
outside  diameter.  On  test,  this  well  delivered  1500  gallons  per  minute 
with  a  “draw  down”  of  six  feet.  The  figures  compare  a  porous  con¬ 
crete  well  and  a  slotted  concrete  well,  each  of  the  same  total  depth 
and  same  strainer  length. 


Porous 

concrete 


well 

Outside  diameter  of  casing  in  inches .  36 

External  area  of  strainer  in  square  feet .  717 

Porosity  of  casing  in  per  cent .  30 

Area  of  openings  in  strainer  in  square  feet .  215 

Ratio  of  open  areas .  6 

Average  velocity  of  water  at  periphery  of 

strainer  in  inches  per  minute .  3.36 

Ratio .  2 

Water  velocity  through  open  area  in  inches  per 

minute  .  11 

Ratio  .  1 


Slotted 

concrete 

well 

24 

477 

7.58 

36 

to  1 

5 

to  3 

66 

to  6 


From  these  figures  the  friction  caused  by  the  strainer  of  the 
slotted  concrete  well  is  evident  by  comparison  of  the  water  velocities 
developed.  In  the  porous  concrete  casing  the  velocity  of  water 
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through  the  pores  of  the  casing  is  but  1 1  inches  per  minute,  whereas 
in  the  slotted  concrete  construction  the  water  attains  a  speed  of  five 
feet  six  inches  per  minute.  1  his  high  velocity  of  the  water  through 
the  concentrated  inlet  slots  makes  itself  felt  outside  of  the  gravel 
pack  in  the  manner  of  an  inverted  jet.  For  this  reason,  wells  of 
slotted  concrete  construction  pump  sand.  Furthermore,  due  to  the 
restricted  strainer  openings,  the  “draw  down”  is  usually  two  or  three 
times  that  of  the  porous  concrete  well. 

The  porous  concrete  well  with  its  thousands  of  small  holes 
evenly  distributed  over  the  entire  surface  of  the  exterior  of  the  well 
strainer,  which  makes  the  concentration  of  flow  at  any  one  point 
impossible,  together  with  the  low  average  water  velocity  at  the  peri¬ 
phery  of  the  strainer  and  the  low  water  velocity  through  the  open¬ 
ings  in  the  strainer,  precludes  all  possibility  of  the  well  developing 
sand  under  normal  conditions  of  capacity.  It  is,  of  course,  possible 
to  force  the  porous  concrete  well  to  pump  sand,  but  to  do  this  in  the 
well  at  Dover,  Ohio,  it  would  be  necessary  to  raise  the  average  water 
velocity  at  the  periphery  of  the  strainer  to  a  point  in  excess  of  nine 
inches  per  minute,  which  would  require  that  a  capacity  in  excess  of 
4000  gallons  per  minute  be  withdrawn  from  the  well.  This  clearly 
illustrates  the  ability  of  the  porous  concrete  well  to  deliver  the  great¬ 
est  quantity  of  water  possible  per  well  unit  without  excessive  “draw 
down”  and  without  the  pumping  of  sand.  It  might  be  added  that 
the  official  test  of  the  water  from  this  well  (by  the  state  of  Ohio) 
showed  the  turbidity  to  be  zero,  proving  conclusively  that  porous 
concrete  wells  deliver  water  entirely  free  from  all  suspended  matter. 

Outstanding  installations  of  this  well  can  be  found  in  the  fol¬ 
lowing  places: 

At  Newell,  W.  Ya.,  is  installed  a  porous  concrete  well  80  feet 
deep  with  the  static  water  level  38  feet  from  the  surface.  This  well 
has  been  tested  to  a  capacity  of  2250  gallons  per  minute,  at  which 
capacity  the  “draw  down”  was  ten  feet  six  inches. 

A  refinery  located  at  Wood  River,  Ill.,  has  a  total  of  11  porous 
concrete  wells,  out  of  which  they  are  taking  over  16,000  gallons  of 
water  per  minute.  These  wells  were  installed  over  a  period  of  eight 
years,  and  all  are  still  in  active  service.  It  might  be  stated  at  this 
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point,  that  the  oldest  well,  now  eight  years  old,  is  still  producing 
1500  gallons  per  minute. 

At  an  industrial  plant  in  Muskegon,  Mich.,  a  porous  concrete 
well  is  producing  350  gallons  per  minute.  This  well  is  installed  in 
very  fine  lake  sand.  This  capacity  is  five  times  the  amount  taken  out 
of  any  competitive  large-capacity  well  ever  installed  in  this  plant, 
where  all  gravel-packed  wells  failed  because  of  sand  being  pumped. 
The  porous  concrete  well  in  this  place  has  continued  to  deliver  its 
rated  capacity  of  water  free  from  sand  over  a  considerable  period 
of  time. 

At  Granite  City,  Ill.,  a  porous  concrete  well  is  installed.  The 
only  water-bearing  stratum  in  this  well  is  a  vein  of  quicksand  36 
feet  thick  below  water-level,  and  76  per  cent,  of  this  quicksand  will 
pass  through  100-mesh  screen.  This  well  develops  a  capacity  of  1000 
gallons  of  water  per  minute  free  from  sand. 

At  Alton,  Ill.,  a  porous  concrete  well  was  installed  to  replace 
five  small  metal-strainer  wells.  It  produces  1250  gallons  per  minute, 
which  was  the  total  capacity  of  the  five  abandoned  wells.  Due  to 
the  high  efficiency  of  the  new  well,  it  is  possible  to  pump  1250  gal¬ 
lons  per  minute  against  the  desired  surface  pressure  with  a  40-horse¬ 
power  motor.  When  the  five  small  wells  were  used  it  required  five 
25-horse-power  motors,  all  fully  loaded,  or  a  total  of  125  horse-power, 
to  produce  the  same  quantity  of  water  at  the  same  surface  pressure. 

The  use  of  well  water  for  cooling  purposes,  particularly  in  the 
condensers  of  turbo-generator  sets,  is  attractive.  In  this  application 
it  is  possible  to  furnish  clean,  cold  water  at  a  temperature  of  56 
degrees  F.  to  the  condenser  with  a  definite  increase  in  the  vacuum 
obtained.  Furthermore  the  tail-water  temperature  of  the  condenser  is 
still  low  enough  for  the  water  to  be  used  again  for  general  plant 
service.  The  temperature  rise  occasioned  by  the  condenser  does  not 
cause  precipitation  of  any  of  the  hardness  in  the  form  of  scale,  keep¬ 
ing  the  condenser-tube  surfaces  clean  and  in  the  best  condition  for 
most  efficient  operation.  Supplying  clean  water  to  the  condenser,  in¬ 
stead  of  the  usual  turbid  river  water,  eliminates  the  necessity  of 
frequent  condenser  cleaning. 

The  preliminaries  necessary  to  the  installation  of  a  large  capacity 
well  of  the  porous  concrete  type  are : 
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1.  Location.  It  is  possible  to  install  this  type  of  well  along 
glacial  rivers  or  rivers  draining  in  glacial  territory,  such  as  the  Alle¬ 
gheny  and  the  Ohio;  also,  in  valleys  which  are  filled  with  glacial 
deposit  or  drift,  such  as  are  found  in  northwestern  Pennsylvania,  and 
the  greater  part  of  Ohio. 

2.  A  test  hole  should  be  driven  to  rock  or  to  a  sufficient  depth 
to  ascertain  the  presence  of  sand  or  gravel.  These  samples  should  be 
taken  in  as  near  their  natural  state  as  is  possible,  for  with  this  infor¬ 
mation  it  is  possible  to  figure  the  capacity  of  a  well  installed  in  the 
location  of  the  test  hole. 

3.  The  samples  are  submitted  to  two  tests.  The  first  test  is 
to  ascertain  the  water  velocity  required  to  move  the  smallest  particle 
of  sand  in  each  stratum  encountered.  The  second  test  is  to  determine 
the  amount  of  water  which  will  flow  through  the  sample  with  an  im¬ 
posed  head  equal  to  one  foot  of  water.  With  this  information,  to¬ 
gether  with  the  static  level  of  the  water  in  the  ground  and  a  rough 
survey  of  the  underground  water-storage  basin,  it  is  possible  to  de¬ 
termine  the  capacity  of  the  well.  This  makes  it  possible  to  approxi¬ 
mate  the  “draw  down”  in  the  finished  well,  thus  determining  the 
greatest  amount  of  water  which  can  be  taken  from  a  well  installed 
in  the  location  of  the  test  hole. 

In  installing  the  well,  steel  temporary  casing  is  used  to  the  water¬ 
bearing  formation — first,  10  feet  of  60-inch  diameter;  second,  25 
feet  of  54-inch  diameter;  third,  45-inch  diameter  casing  to  the  proper 
depth.  The  material  within  the  casing  is  taken  out  by  hand  or  by  an 
orange-peel  bucket.  Into  this  excavation  is  lowered  the  first  five  or 
six  concrete  well  sections,  which  are  assembled  on  a  steel  cutting 
edge  and  held  in  position  by  four  through  rods  fastened  securely  to 
the  cutting  edge,  and  passing  through  four  1  ^4-inch  vertical  pipes 
cast  in  each  concrete  well  section,  these  rods  being  grouted  in  with 
cement  and  sand.  Each  tongued-and-grooved  joint  is  grouted  in  a 
similar  manner.  Additional  well  sections  are  then  assembled  on  top 
of  those  already  in  the  well  until  there  are  two  or  three  sections 
above  grade.  By  a  set  of  cantilever  pressure  beams  additional  pres¬ 
sure  is  placed  on  the  well  sections.  The  sand  and  gravel  is  then  re¬ 
moved  by  sand  pumping  with  a  large  bailer.  As  the  material  is  re¬ 
moved  from  inside  of  the  well  casing,  the  weight  of  the  casing  plus  the 
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additional  weight  added  by  the  pressure  beams  is  sufficient  to  force  the 
casing  into  the  water-bearing  formation.  As  the  casing  is  forced  into 
the  ground,  additional  sections  are  added  until  the  desired  depth  is 
obtained.  Five  ^4-inch  deformed  steel  rods  are  placed  in  the  lj/4-inch 
diameter  pipes  throughout  the  total  depth  of  the  well  and  securely 
grouted  in  with  cement  and  sand.  After  all  well  sections  have  been 
installed,  a  solid  concrete  plug  is  poured  in  the  cutting  edge.  The 
temporary  steel  casing  used  to  facilitate  the  installation  of  the  well 
casing  is,  of  course,  withdrawn,  and  the  excavation  is  backfilled. 

*  The  well  is  now  complete  and  ready  for  the  installation  of  pump¬ 
ing  machinery.  Due  to  the  extremely  low  water  velocities  encount¬ 
ered,  no  sand  can  come  into  the  well,  and  after  the  dirty  water  which 
was  inside  of  the  well  casing  during  the  sinking  operation  has  been 
removed  by  a  pump,  the  water  clears  and  remains  clear  for  the  life 
of  the  well. 

In  conclusion,  the  porous  concrete  well  offers  freedom  from  car¬ 
bonate  deposit  on  the  strainer,  clear  water  free  from  sand  during  the 
life  of  the  well,  greater  capacity  per  well  unit,  reduced  cost  of  water, 
highest  efficiency  of  well,  and  longer  life  of  well. 


DETERMINATION  OF 
MECHANICAL  PROPERTIES  OF  STEEL* 

By  R.  L.  Templin+ 

Mechanical  Properties.  So  much  information  on  the  mechanical 
properties  of  steel  is  available  in  the  technical  literature,  that  it  would 
seem  unnecessary  to  discuss  the  deiinitions  of  the  various  properties 
and  the  significance  of  each.  It  may  be  pointed  out,  however,  that 
there  must  be  agreement  on  definition  of  what  is  meant  by  such  terms 
as  tensile  strength,  yield-point,  ductility,  etc.,  before  we  can  ade¬ 
quately  discuss  ways  and  means  for  evaluating  these  properties  of  any 
material.  The  reader  is  referred  to  the  proceedings  and  standards  of 
the  American  Society  for  Testing  Materials  for  definitions  of  these 
mechanical  properties.  In  what  follows  we  shall  give  consideration 
primarily  to  the  more  common  mechanical  properties  such  as  tensile 
strength,  yield-point,  elastic  limit,  proportional  limit,  ductility,  hard¬ 
ness,  impact,  torsion,  and  fatigue.  We  shall,  furthermore,  confine  our 
discussion  to  the  determination  of  values  for  these  various  properties 
at  normal  temperatures.  Because  of  the  information  which  is  avail¬ 
able  on  the  subject,  a  certain  amount  of  repetition  of  facts  is  scarcely 
avoidable  but  experience  would  indicate  the  necessity  of  repetition 
for  the  purpose  of  emphasis  to  the  end  that  better  testing  will  be 
accomplished. 

For  a  steel,  fabricated  in  a  given  manner  and  subjected  to  a 
given  heat  treatment  or  in  some  cases  a  range  of  heat  treatments, 
there  appear  to  he  definite  relationships  between  some,  if  not  all,  of 
the  mechanical  properties  of  the  steel.  Once  these  relationships  have 
been  established,  it  is  frequently  quite  easy  to  evaluate  the  different 
mechanical  properties  of  various  lots  of  similar  product  by  the  actual 
determination  of  only  one  or  two  values  of  the  mechanical  properties. 
This  fact  is  regularly  made  use  of  in  the  routine  inspection  testing 
of  steel  products  of  various  kinds.  Unfortunately,  this  procedure  if 
carried  to  extremes  will  frequently  lead  to  serious  errors  or  unsatis¬ 
factory  results.  For  example,  consider  the  relationship  shown  in  many 
cases  to  exist  between  the  tensile  strength  and  the  Brinell  hardness 
of  steel.  This  relationship  is  generally  expressed  by  an  equation  of 

•Presented  October  28,  1930.  Received  for  publication  December  4,  1930. 
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the  form,  T  —  BK,  in  which  T  —  the  tensile  strength,  B  —  the 
Brinell  hardness,  and  K  —  a  constant. 

Now  the  value  of  K  is  usually  in  the  neighborhood  of  515,  with 
the  result  that  any  errors  made  in  the  determination  of  the  Brinell 
hardness  are  multiplied  by  515,  thus  causing  appreciable  errors  in  the 
values  for  tensile  strength.  Conversely,  knowing  the  tensile  strength 
of  a  steel  and  the  proper  value  of  the  constant  in  the  above  formula 
we  could  determine  the  Brinell  hardness  by  a  simple  calculation, 
within  very  close  limits. 

Relationships  between  mechanical  properties  of  steel  are  not  only 
useful  in  the  inspection  of  final  products  but  are  frequently  of  con¬ 
siderable  assistance  in  choosing  design  stresses  for  structures  or  in 
determining  the  suitability  of  a  steel  for  a  given  purpose.  Two  rela¬ 
tionships  commonly  used  in  this  manner  are  the  ratio  between  yield- 
point  and  tensile  strength,  and  the  ratio  between  endurance  or  fatigue 
limit  and  tensile  strength. 

Methods  for  Determining  the  Properties.  The  size  and  shape 
of  test  specimens  used  in  determining  the  mechanical  properties  of 
steel  must  be  given  much  consideration  because  the  test  values  obtained 
are  usually  functions  of  both  these  factors.  This  was  realized  early 
in  the  history  of  testing  metals,  and  so,  in  order  that  results  from 
different  sources  might  be  readily  comparable,  it  became  necessary 
to  adopt  specimens  of  suitable  sizes  and  shapes.  The  choice  of  size 
and  shape  of  specimen,  however,  is  often  influenced  by  other  factors 
such  as  precedent,  character  of  product,  method  of  preparation,  type 
or  size  of  testing  apparatus,  and  preference  or  whim  of  some  indi¬ 
vidual  or  group  of  persons. 

The  so-called  standard  specimens  used  in  testing  metals,  there¬ 
fore,  are  of  dimensions  more  or  less  arbitrarily  chosen,  generally  in 
agreement  with  the  ideas  of  those  concerned  with  using  such  speci¬ 
mens.  One  of  the  earliest  successful  attempts  at  standardization  of 
a  tensile-test  specimen  for  metals  occurred  in  the  eighties  in  Germany. 
A  group  of  pioneers  in  the  scientific  study  of  the  properties  of  metals, 
including  Martens,  Bauschinger,  and  Tetmajer,  were  wont  to  get 
together  at  intervals  to  discuss  the  results  of  their  findings.  Upon 
being  convinced  that  size  and  shape  of  specimen  affected  the  tensile 
properties  of  metals,  Martens  reported,  “For  this  reason  it  was  soon 
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agreed,  either  quietly  or  upon  consultation,  to  adopt  definite  dimen¬ 
sions  for  the  gage-length  (L).  At  the  present  day  [1898]  the  gage 
or  standard  lengths  of  8  or  4  in.  are  in  common  use  in  industrial 
countries,  the  most  generally  adopted  length  being  8  in.  (—  20  cm.)”. 

In  spite  of  all  the  research  work  that  has  been  done  with  regard 
to  size  and  shape  of  specimen,  these  factors  must  still  be  considered 
in  our  present-day  test  results.  In  the  case  of  the  tensile-test  speci¬ 
men  used  in  this  country  where  it  is  customary  to  use  a  fixed  gage 
length  and  a  variable  cross-sectional  area,  we  find  that  the  elonga¬ 
tion  and  reduction  in  area  (that  is,  the  ductility)  are  appreciably 
affected  by  these  factors.  The  Rockwell,  Brinell  or  sclerescope  hard¬ 
ness  values  are  considerably  affected  when  thin  specimens  are  used. 
In  the  case  of  fatigue  tests  of  cast-iron,  marked  differences  in  the 
values  obtained  are  observed  by  using  different  diameters  of  rotating- 
beam  type  of  specimens.  The  discrepancies  in  the  impact  values 
obtained  on  steels  using  various  types  of  notches  are  generally 
recognized. 

From  these  facts  it  is  quite  evident  that  the  mechanical  proper¬ 
ties  which  we  determine  are  not  only  a  function  of  the  material  being 
tested,  but  also  in  many  cases  are  very  much  a  function  of  the 
specimen  used  and,  as  we  shall  see  later,  of  the  actual  testing  pro¬ 
cedure  followed.  Theoretically  there  may  be  “true”  values  for  the 
various  mechanical  properties  of  a  given  material,  but  practically 
such  values  can  not  be  determined,  at  least  on  a  routine  commercial 
basis;  and  in  many  instances  it  is  very  doubtful  whether  or  not  they 
can  be  determined  with  the  best  apparatus  available  to-day,  used 
under  optimum  laboratory  conditions. 

As  long  as  all  parties  concerned  use  the  same  test  specimen  and 
the  same  testing  procedure  for  determining  a  mechanical  property  of 
a  given  steel,  satisfactory  understanding  will  obtain.  Difficulties 
arise,  however,  when  attempts  are  made  to  use  this  same  specimen 
and  testing  procedure  for  other  types  and  grades  of  steel.  For  ex¬ 
ample,  the  tensile-test  specimen  commonly  used  for  boiler-plate  is  not 
satisfactory  for  use  in  determining  the  tensile  properties  of  hardened 
high-carbon  or  other  alloy  steels.  In  addition  to  the  difficulties  in 
preparing  the  large  specimen  from  hardened  steels,  the  ordinary  test¬ 
ing  machines  would  not  grip  such  a  specimen  satisfactorily,  so  we 
are  obliged  to  change  the  size  and  use  a  different  shape  of  specimen. 
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The  tensile-test  specimen  used  for  hardened  alloy  steels  is  usually  of 
the  round,  shouldered-end  type  with  a  short  gage  length  (two  inches) 
and  comparatively  small  cross-sectional  area;  yet  comparisons  are 
often  directly  made  between  the  mechanical  properties  obtained  with 
such  a  specimen  and  those  obtained  from  tests  of  mild  steel  using  the 
much  larger  specimen. 

The  product  from  which  specimens  are  taken  may,  and  often 
does,  govern  to  some  extent  the  size  and  shape  used.  This  is  best 
exemplified  in  the  case  of  thin  sheet  metals  as  well  as  plate  wherein 
the  thickness  of  the  specimen  is  the  thickness  of  the  material  being 
tested.  This  practice  which  is  virtually  standard  in  this  country,  gives 
us  a  different  size  and  shape  of  test  specimen  for  every  thickness  of 
the  material,  making  it  very  difficult  in  some  cases  to  make  satisfac¬ 
tory  comparisons  of  the  values  obtained  for  the  mechanical  properties. 

When  recourse  is  had  to  the  use  of  various  sizes  of  round  speci¬ 
mens  with  dimensions  such  that  geometrical  similitude  obtains  through¬ 
out,  more  accurate  comparisons  of  mechanical  properties  can  be  made. 
Objections  to  such  a  procedure  are  based  primarily  on  the  fact  that  such 
specimens  are  often  expensive  to  prepare;  testing  machines  of  suitable 
capacities  for  handling  such  a  variety  of  sizes  are  not  available  in  all 
laboratories;  and  such  specimens  do  not  give  as  accurate  an  index 
of  the  properties  throughout  the  section  of  the  product  from  which 
they  are  cut  as  do  the  larger  specimens  which  include  the  total  thick¬ 
ness  or  cross-section  of  the  product.  In  general,  a  better  idea  of  the 
properties  of  the  product  will  be  obtained  by  the  use  of  a  number  of 
small  specimens  cut  from  various  parts  of  the  product  rather  than 
by  the  use  of  one  or  two  large  specimens  which  include  the  total 
thickness  or  cross-section  of  the  product. 

Assuming  that  the  size  and  shape  of  specimen  for  a  given  product 
have  been  agreed  upon,  it  is  customary  to  expect  such  a  specimen  to 
give  certain  values  of  mechanical  properties  irrespective  of  the  portion 
of  the  product  from  which  a  specimen  is  taken.  Those  familiar  with 
metal  products,  however,  realize  that  there  are  differences  in  the 
values  of  mechanical  properties,  depending  on  the  location  from 
which  the  sample  or  test  coupon  is  taken.  These  variations  are  the 
result  of  the  fabrication  practice  used  and,  while  generally  undesir¬ 
able,  yet  are  usually  unavoidable  because  of  the  current  knowledge 
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in  the  art  of  fabrication  of  the  product.  1  he  practice  of  taking  test 
samples  from  trimmings  and  cropped  ends  is  sometimes  followed. 
Coupons  attached  to  forgings  or  castings,  or  separately  produced 
coupons,  may  and  often  do  give  values  appreciably  different  from 
those  which  would  be  obtained  had  the  specimens  been  cut  out  of 
the  finished  product.  A  satisfactory  solution  of  such  difficulties  would 
appear  to  lie  in  the  recognition  of  the  fact  that  such  differences  are 
likely  to  obtain,  but  an  attempt  should  be  made  to  determine  their 
magnitude  so  that  the  test  values  obtained,  from  a  given  specimen 
taken  from  a  definite  location  with  respect  to  the  product  (as  agreed 
upon  by  all  concerned),  will  serve  as  a  satisfactory  index  of  the  prop¬ 
erties  of  the  product.  In  other  words,  the  question  as  to  what  type 
of  coupon  or  sample  will  represent  the  product  is  a  very  important 
one  and  should,  therefore,  be  given  proper  attention  in  our  product 
specifications  for  steel  as  well  as  for  other  materials. 

Variations  in  the  procedure  used  in  testing  specimens  may  cause 
appreciable  variations  in  the  values  obtained.  In  recognition  of  this 
fact,  extensive  testing  methods  have  been  and  are  being  prepared  by 
such  agencies  as  the  American  Society  for  Testing  Materials,  but 
much  remains  to  be  done  in  this  field.  With  the  present  trend  to¬ 
wards  more  accurate  testing  of  metals  much  more  attention  must  be 
given  to  the  many  details  of  procedure  that  heretofore  have  been 
dependent  almost  entirely  upon  the  ideas  of  the  operator  making  the 
test.  For  example,  considerable  latitude  is  now  permissible  in  the 
size  and  shape  of  the  ends  of  tensile-test  specimens;  in  the  methods 
used  in  gripping  tubular  tensile  specimens;  and  in  the  methods  used 
for  making  tensile  tests  of  steel  wire.  As  a  result  of  these  permissible 
variations  in  testing  procedure  we  find  considerable  differences  in  test 
results  from  different  laboratories  on  specimens  from  the  same  lot  of 
product.  The  magnitude  of  the  variations  from  these  sources  in  the 
test  results  often  varies  with  the  product.  This  is  especially  true  in 
the  case  of  tensile  tests  and  hardness  tests  of  thin  sheet  metals,  includ¬ 
ing  thin  sheet  steel. 

Such  mechanical  properties  as  elastic  limit,  proportional  limit, 
and  certain  modifications  of  the  yield-point,  which  are  usually 
obtained  from  stress-strain  data  are  generally  largely  dependent  on 
the  methods  used  in  testing.  It  is,  therefore,  essential  that  uniformity 
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in  testing  methods  obtain  if  test  results  from  various  laboratories  are 
to  be  satisfactorily  compared. 

With  the  more  economical  use  of  metals  there  is  an  ever  increasing 
demand  for  narrower  limits  in  the  accuracy  with  which  values  of 
mechanical  properties  are  determined.  If  variations  in  the  mechanical 
properties  of  a  product  are  to  be  determined,  it  is  necessary  that  the 
permissible  limits  of  accuracy  required  in  the  determination  of  the 
properties,  be  appreciably  less  than  the  anticipated  variations  in 
product.  It  is  hardly  sufficient  to  specify  that  the  testing  apparatus 
or  machine  shall  give  total  loads  within,  say,  one  per  cent.,  and  then 
permit  variations  in  methods  of  operation  which  might  easily  cause 
errors  of  three  to  five  times  this  amount,  and  expect  the  final  results 
to  be  correct  within  one  or  two  per  cent.  Many  forms  of  testing 
machines  and  apparatus  which  are  called  upon  to  impose  loads  of 
varying  amounts  on  specimens,  do  not  do  so  with  the  same  degree 
of  accuracy  throughout  their  entire  ranges  of  load.  An  example  of 
this  is  the  usual  type  of  universal  testing-machine  wherein  the  per¬ 
centage  of  error  at  the  lower  loads  is  greater  than  at  the  higher 
loads.  Using  such  a  machine  with  a  given  capacity  range,  therefore, 
it  is  appreciably  more  difficult  to  determine  properties  of  small  speci¬ 
mens  than  of  larger  ones  which  require  total  loads  approximating 
the  maximum  value  of  the  capacity  range.  Many  other  examples 
might  be  given  all  of  which  would  merely  serve  to  emphasize  the 
necessity  for  specifying  testing  methods  in  sufficient  detail  to  insure 
results  of  the  desired  accuracy.  Frequently  a  plain  statement  of  the 
tolerances  desired  would  be  very  helpful. 

Tests  of  mechanical  properties  are  used  not  only  in  the  inspec¬ 
tion  and  control  of  a  product  but  also  as  a  basis  of  values  for  engi¬ 
nering  design.  In  any  of  these  uses  it  is  well  to  bear  in  mind  the 
statistical  element  involved  in  such  data.  During  1930,  such  men  as 
Professor  Seely  at  the  University  of  Illinois*',  and  Dr.  Sheivhart  of 
the  Bell  Telephone  Laboratoriest,  have  very  aptly  pointed  out  some 
of  the  things  to  be  considered  from  the  statistical  viewpoint  when 
using  values  of  mechanical  properties.  To  quote  Professor  Seely,  “A 
recognition  of  the  statistical  element  in  the  picture  of  material  and 
of  stress  distribution  .is  becoming  of  great  importance  in  the  interpre- 

*Mechanical  Engineering ,  v.  52,  p.  839. 

t Bell  System  Technical  Journal,  v.  9,  p.  364. 
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tation  of  mathematical  and  experimental  results,  and  in  the  formation 
of  more  reliable  rules  for  design.” 

Dr.  Shewhart  has  given  us  a  workable  method  which,  for  large 
masses  of  data,  permits  the  definite  establishing  of  certain  facts  which 
otherwise  would  be  obscured,  largely  on  account  of  the  mere  mass  of 
data  available.  The  efforts  of  these  men,  together  with  similar  efforts 
of  many  others,  are  doing  much  to  enhance  the  value  of  mechan¬ 
ical  tests. 

Testing-Machines  and  Apparatus.  Experience  has  shown  that 
quite  frequently  tests  of  metals,  including  steel,  are  required  without 
there  being  any  specific  purpose  of  the  test  results  in  mind.  The  big 
idea  appears  to  be  simply  “test  it.”  Unfortunately,  there  are  a  few 
examples  of  testing  apparatus  or  testing-machines  which  so  far  appear 
to  be  capable  of  merely  testing  a  specimen  without  giving  results 
which  are  of  generally  recognized  significance  or  usefulness.  It  is  to 
be  hoped  that  in  time  such  tests  will  either  die  a  natural  death  or 
their  utility  will  be  determined.  The  excuse  for  such  machines,  of 
course,  lies  mainly  in  a  recognition  of  the  shortcomings  of  some  of 
the  commonly  used  tests.  Generally  speaking,  if  testing-machines  and 
apparatus  are  expected  to  remain  in  suitable  condition  they  should 
be  used  for  the  purposes  intended,  and  not  as  substitutes  for  other 
machines.  The  writer  has  seen  universal  testing-machines  used  as 
arbor  presses,  forging-presses,  extrusion  presses,  draw-benches,  etc., 
but  the  advisability  of  such  practices  is  questionable,  to  say  the  least. 

In  selecting  a  testing-machine,  the  prospective  purchaser  is  fre¬ 
quently  confronted  with  choosing  from  two  or  more  types  of  design. 
For  example,  universal  testing-machines  may  be  obtained  in  the  gear- 
screw-power,  lever-scale  type;  the  hydraulic-power,  hydraulic-lever- 
pendulum  type;  or  the  hydraulic-power,  pressure-capsule,  Hourdon- 
gage  type.  In  addition,  many  variations  in  the  details  of  each  of 
these  types  are  available.  Each  type  of  machine  has  distinct  merits, 
but  the  advantages  of  a  given  type  are  not  in  agreement  throughout 
with  those  of  the  other  types. 

The  factors  generally  considered  by  a  prospective  purchaser, 
when  enumerating  the  merits  of  a  testing-machine,  include  cost,  floor 
space,  time  of  delivery,  maximum  load  capacity,  maximum  specimen 
capacity,  capacity  ranges,  and  auxiliary  attachments.  It  is  assumed 


320 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA. 


[Dec. 


that  any  of  the  types  will  be  free  from  temperature  effects;  that  they 
will  give  load  readings  within  suitable  limits  of  accuracy;  that  the 
personal  equation  of  the  operator  is  the  same  in  all  cases,  or  is  negli¬ 
gible;  that  any  of  the  specimen  grips  or  supports  are  satisfactory;  that 
good  results  can  be  obtained  irrespective  of  the  sizes  of  specimens  to 
be  tested  as  long  as  they  come  within  the  capacity  of  the  machine; 
and  that  any  autographic  or  automatic  load-balancing  device  will 
answer.  Unfortunately,  experience  has  shown  very  definitely,  that  if 
the  more  precise  results  now  being  demanded  in  testing  metals  are 
expected,  we  should  give  major  consideration  to  the  factors  pre¬ 
viously  taken  for  granted  or  not  emphasized,  putting  such  items  as 
cost,  delivery,  etc.,  among  the  secondary  factors.  This  should  not  be 
construed  as  an  argument  for  or  against  any  given  type,  but  as  a 
suggested  change  in  procedure  to  be  followed  in  selecting  more  suit¬ 
able  testing  apparatus. 

Such  details  of  testing-machines  as  grips,  specimen  supports,  load 
ranges,  sensitivity  at  various  loads,  facilities  for  varying  and  control¬ 
ling  the  rate  of  testing,  and  magnitude  of  personal  equation  of  the 
machine  operator,  are  all  of  importance  not  only  in  obtaining  more 
precise  test  values  but  also  in  obtaining  results  at  lower  cost. 

One  of  the  mistakes  most  frequently  made  with  regard  to  test¬ 
ing  apparatus  is  the  assumption  that  any  one  can  operate  a  testing- 
machine  and  therefore  can  obtain  satisfactory  test  results.  Accord¬ 
ingly  we  find  many  cases  where  mechanical  properties  of  metals  are 
determined  by  persons  with  little  if  any  knowledge  of  the  mechanics 
of  materials.  The  technical  literature  is  replete  with  records  obtained 
under  such  conditions  as  to  preclude  a  satisfactory  comparison  of 
values  throughout,  largely  because  of  failure  on  the  part  of  the 
authors  to  appreciate  the  significance  of  the  many  factors  involved  in 
the  determination  of  the  data.  Many  of  the  discrepancies  in  test 
results  occurring  to-day  between  different  departments  of  large  in¬ 
dustrial  firms,  and  between  producer  and  consumer,  are  directly 
attributable  to  differences  not  only  in  testing  apparatus  and  nominal 
merhods  but  also  to  differences  resulting  from  the  character  of 
machine  operators. 

In  applying  the  foregoing  to  the  mechanical  testing  of  various 
kinds  of  steel  products  we  should  be  guided  first  by  the  rules  defined 
in  the  specifications  pertaining  particularly  to  the  given  product,  or 
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the  general  rules  given  by  standards  pertaining  to  the  given  kind  of 
test,  or  both.  In  the  interest  of  better  results  there  is  more  that  can 
be  done  which  may  not  be  fully  realized  by  those  responsible  for  mak¬ 
ing  the  tests,  or  which  is  inadequately  defined  in  the  specifications 
for  the  product. 


DISCUSSION 

W.  B.  Skixkle,  Chairman :*  Mr.  Whetzel,  Chairman  of  the 
'  Pittsburgh  Section  of  the  American  Chemical  Society,  is  with  us  and 
we  would  like  to  have  him  take  charge  of  the  meeting. 

J.  C.  Whetzel,  Chairman’. t  I  am  sure  I  express  the  pleasure 
of  the  chemists  in  joining  with  the  engineers  in  this  program.  The 
next  in  order  might  be  a  discussion  of  the  paper.  There  must  be  a 
number  here  who  would  at  least  like  to  ask  some  questions. 

W.  B.  Skixkle  :  Being  a  mechanical  engineer  and  having  spent 
many  years  designing  special  heavy  machinery,  Mr.  Templin’s  paper 
has  made  a  very  strong  appeal  to  me.  His  definitions  of  yield-point, 
elastic  limit,  and  proportional  limit  are  clear  and  sharp  and  it  is  too 
bad  that  a  clear  understanding  of  these  terms  and  their  value  is  not 
more  general. 

I  have  often  noticed  advertisements  of  special  alloy  steels,  giving 
the  ultimate  strength  and  yield-point  for  the  particular  steel  adver¬ 
tised,  but  carefully  avoiding  any  reference  to  the  elastic  limit  or  pro¬ 
portional  limit.  This  is  probably  a  “hang  over"  from  the  old  days  of 
plain  carbon  steel  when  a  close  approximate  value  for  the  true  elastic 
limit  could  be  obtained  by  deducting  1000  or  2000  pounds  per  square 
inch  from  the  stress  at  the  yield-point  as  determined  by  the  drop  of 
the  beam.  This,  however,  is  not  true  when  dealing  with  heat-treated 
alloy  steels,  and  if  such  practice  is  followed  it  would  lead  to  danger¬ 
ous  results.  Very  often  the  yield-point  of  a  heat-treated  steel  as  deter¬ 
mined  by  the  drop  of  the  beam  is  very  close  to  the  ultimate  strength, 
whereas  the  elastic  limit  or  proportional  limit  is  considerably  below 
the  value  obtained  for  the  yield-point.  As  an  example  of  this  I  have 
found  the  following  typical  examples: 

^Engineer,  Pittsburgh  District  Power  Committee,  Subsidiary  Companies  of  the 
United  States  Steel  Corporation,  Pittsburgh. 
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In  a  heat-treated  low-carbon  manganese  steel  of  0.14  per  cent, 
carbon  and  2.82  per  cent,  manganese,  the  proportional  limit  was 
137,300  pounds  per  square  inch,  the  yield-point  157,000  pounds  per 
square  inch,  and  the  ultimate  159,400  pounds  per  square  inch. 

In  a  piece  of  chrome-nickel  steel  (S.A.E.  3130)  the  proportional 
limit  was  73,000  pounds  per  square  inch,  the  yield-point  143,000 
pounds  per  square  inch,  and  the  ultimate  150,200  pounds  per  square 
inch. 

It  can  be  seen  that  the  old  plain  carbon  steel  relation  between 
yield-point  and  proportional  limit  does  not  hold  at  all  when  dealing 
with  steels  of  this  type. 

A  designer  must  keep  his  maximum  shock  stresses  below  the  pro¬ 
portional  limit  if  he  is  to  avoid  ultimate  failure  of  the  part  he  is  de¬ 
signing.  If  he  has  no  information  on  the  value  of  this  proportional 
limit  he  is  forced  to  keep  the  maximum  fiber  stresses  low  or  else  take 
a  long  chance  on  failure. 

In  reports  by  so-called  research  men,  I  have  seen  the  terms  elastic 
limit,  proportional  limit,  and  yield-point  hopelessly  jumbled  and 
mixed.  Such  a  state  of  affairs  seems  to  be  worthy  of  considerable 
study. 

R.  L.  Templin:  Any  detailed  discussion  of  the  elastic  limit  and 
the  proportional  limit  is  liable  to  be  a  long  one.  These  properties  are 
so  much  a  function  of  the  condition  of  the  test  specimen  and  the  type 
and  condition  of  the  testing  apparatus  used  that  1  am  frankly  skep¬ 
tical  of  most  of  the  data  published.  Even  in  tests  of  mild  steel,  if  the 
specimen  is  slightly  bent,  one  can  obtain  some  very  peculiar  stress- 
strain  curves.  In  the  case  of  some  of  the  heat-treated  alloy  steels, 
much  trouble  will  be  experienced  in  determining  these  properties 
unless  the  test  specimens  are  ground  all  over  after  heat  treatment. 
Even  then,  varying  amounts  of  internal  strain  in  the  specimens  due 
to  heat  treatment  may  cause  appreciable  variations  in  the  values  for 
the  elastic  or  proportional  limits.  In  addition,  there  are  a  number 
of  other  factors  which  may  cause  marked  differences  in  the  propor¬ 
tional  limit  values,  which  may  be,  and  often  are,  more  a  function  of 
the  testing  procedure  than  of  the  material  being  tested. 

I  am  of  the  opinion  that  some  method  should  be  evolved  which 
will  eliminate  as  many  as  possible  of  these  factors,  both  in  defining 
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and  determining  the  properties  we  normally  call  “elastic  limit’’  or 
“proportional  limit.”  This  idea  is  not  original  bv  any  means.  We 
already  have  a  similar  proposal  in  Johnson’s  apparent  elastic  limit 
scheme  and  a  few  others  similar  to  it.  Most  of  these  arbitrary 
schemes  are  more  or  less  sensitive  to  the  factors  just  suggested,  and 
it  would  seem  that  the  most  desirable  scheme  is  the  one  in  which  the 
effects  of  such  factors  are  reduced  to  a  minimum,  if  not  quite  elim¬ 
inated.  With  such  a  scheme  in  general  use,  I  think  we  can  get  much 
better  agreement  both  in  definition  and  determination  of  the  mechan¬ 
ical  property  that  is  analogous  to  what  we  have  been  calling  the 
elastic  limit. 

H.  W.  Graham  :*  In  the  slides  which  Mr.  Templin  showed,  he 
referred  to  one  curve  as  representing  tensile  strength  from  the  stand¬ 
point  of  the  physicist — that  is,  a  stress-strain  curve  which  takes  into 
account  the  fact  that  above  the  yield-point  the  test-piece  is  “necking” 
(decreasing  in  diameter),  and  therefore  with  a  constantly  changing 
relationship  of  beam  load  to  cross-sectional  area,  as  expressed  in 
pounds  per  square  inch.  From  this  standpoint,  the  ultimate  strength 
is  perhaps  200,000  pounds  per  square  inch,  rather  than  60,000  to 
70,000,  as  is  the  common  figure  for  soft  structural  steel  when  by  con¬ 
ventional  methods  the  ultimate  load  is  divided  by  the  original  area  of 
the  specimen.  Can  Mr.  Templin  tell  us  anything  of  the  technique 
used  in  determining  that  curve? 

R.  L.  Templin:  I  have  not  actually  made  all  of  the  measure¬ 
ments  referred  to.  The  curves  shown  were  taken  from  “Materials 
of  Construction;  Their  Manufacture  and  Properties,”  by  A.  P.  Mills 
(John  Wiley  &  Sons,  New  York).  When  measurements  of  this  type 
are  made  they  usually  require  a  very  precise  extensometer  so  that 
very  small  changes  in  the  diameter  of  the  specimen  can  be  deter¬ 
mined.  We  have  made  such  measurements  on  concrete  cylinders, 
using  a  rather  sensitive  device  for  measuring  change  in  diameter.  We 
have  also  used  a  similar  scheme  in  tension  and  compression  tests  of 
rubber.  We  think  the  same  idea  can  he  used  on  steel,  except  that  it 
will  be  necessary  to  change  the  order  of  accuracy  and  sensitivity  of 
the  apparatus.  The  apparatus  that  we  have  used  on  concrete  and 


•General  Metallurgist,  Jones  &  Laughlin  Steel  Corporation,  Pittsburgh. 


324  PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA.  [Dec. 

rubber  consists  essentially  of  a  band  held  tightly  around  the  specimen 
with  coinciding  scratches  on  overlapping  ends  of  the  band.  The  dis¬ 
placement  of  these  scratches  as  the  specimen  increases  in  diameter  is 
measured  by  a  compound  microscope  reading  to  0.002  millimeter.  On 
account  of  the  low  modulus  of  elasticity  of  the  materials  and  the  size 
of  specimens  used,  this  apparatus  proved  quite  satisfactory.  In  the 
case  of  the  concrete,  the  specimens  were  30  inches  in  diameter, 
whereas  in  the  case  of  the  rubber,  the  specimens  varied  from  y2  inch 
to  2J4  inches  in  diameter. 

I  think  Professor  Goodale  could  tell  us  something  about  Brinell 
hardness  of  sheet  metal.  He  has  had  a  lot  of  experience  with  that. 

S.  L.  Goodale:*  I  have  been  very  much  interested  in  the  dis¬ 
cussion.  The  thickness  of  the  sheet  to  be  tested,  also  taking  into  con¬ 
sideration  its  hardness,  determined  the  choice  of  size  of  the  ball  and 
weight  to  be  used;  that  is,  the  effect  of  the  test  must  be  “entirely 
taken  up  within  the  small  thickness  of  metal  actually  under  test.”  In 
a  general  way,  we  found  that  results  with  the  baby  Brinell  compare 
well  with  results  when  using  the  large  Brinell  machine,  though  they 
are  not  identical.  The  differences  are  usually  not  much,  if  any, 
greater  than  the  differences  between  results  with  two  different  stand¬ 
ard  machines. 

We  experimented  with  a  number  of  different  sizes  of  ball  and 
different  weights  with  each  size  of  ball,  finally  adopting  the  1/1 6-inch 
ball  and  15-kilogram  weight  because  they  gave  us  the  best  results  for 
the  work  on  which  we  were  engaged.  The  reading  of  the  impression 
diameters  for  the  small  Brinell  machine  is  a  very  tedious  matter  if 
many  impressions  have  to  be  read.  We  used  a  filar  micrometer  eye¬ 
piece,  with  16-millimeter  objective  and  a  tube  length  chosen  to  give 
a  direct  reading  ratio  for  the  scale  of  the  micrometer.  Impressions 
can  be  read  to  0.001  or  0.002  millimeter,  and  require  about  this 
accuracy  for  good  results. 

R.  L.  Templin:  In  connection  with  the  new  Vickers  hardness 
testing  machine,  I  would  refer  you  to  a  recent  number  of  Engineering 
(Sept.  12,  1930,  page  324),  wherein  G.  A.  Hankins,  of  the  National 
Physical  Laboratory,  reports: 
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“For  steel-ball  Brinell  tests,  it  is  usually  considered  that,  when  the  thick¬ 
ness  of  the  test  piece  is  greater  than  seven  times  the  depth  of  the  impression, 
satisfactory  test  results  are  obtained  (see  B.E.S.A.  Report  No.  240,  1926).  In 
the  case  of  the  136  deg.  diamond  pyramid  (the  indenting  tool  used  in  the 
well-known  Vickers  hardness  testing  machine)  the  application  of  this  rule 
suggests  that  the  minimum  thickness  of  the  test  material  should  be  equal  to 
the  diagonal  of  the  test  impression,  but  expt  rience  shows  that  a  greater  thick¬ 
ness  may  be  necessary.” 

We  use  the  baby  Brinell  hardness  tester,  but  in  order  to  make 
the  results  obtained  from  it  agree  with  those  obtained  with  the  larger 
similar  machine  we  have  made  a  slight  departure  in  the  load  on  the 
ball  from  that  originally  used  by  Professor  Goodale.  He  used  a  load 
of  15  kilograms  on  a  ball  1/16  inch  in  diameter,  whereas  we  use 
12.61  kilograms.  With  such  a  combination,  our  Brinell  hardness 
results  compare  with  those  obtained  on  the  thicker  material  using  a 
500-kilogram  load  on  a  ball  10  millimeters  in  diameter.  The  use  of 
the  baby  Brinell  hardness  machine  allows  us  to  obtain  satisfactory 
results  on  sheet  material  in  the  neighborhood  of  0.008  to  0.010  inch 
thick,  depending  on  the  grade  and  temper  of  the  sheet. 

C.  S.  Palmer:*  Personally  I  do  not  know  enough  about  this 
subject  to  ask  any  questions,  but  I  am  interested.  I  once  heard  Pro¬ 
fessor  Henry  Roland,  of  Johns  Hopkins  University,  say  that  we  talk 
about  solids,  but  really  we  do  not  know  that  there  is  any  such  thing 
as  a  solid.  Because  with  pressure  enough  and  time  enough  everything 
we  call  a  solid  acts  like  a  liquid.  Does  the  time  element  enter  at  all 
into  this  amount  of  stretch  or  bending,  or  does  it  happen  instan¬ 
taneously? 

R.  L.  Templin:  That  is  a  very  pertinent  question.  In  the 
determination  of  the  so-called  elastic  limit,  time  does  not  have  much 
effect,  but  beyond  that  point  time  does  have  a  decided  effect  on  the 
results  obtained.  For  stresses  in  excess  of  the  elastic  limit,  we  are 
concerned  with  the  plastic  flow  of  the  material,  which  involves  a 
phase  of  the  mechanics  of  materials  about  which  too  little  is  known. 
It  involves  questions  which  are  being  considered  by  a  committee  of 
the  American  Society  of  Mechanical  Engineers,  and  we  certainly 
hope  that  this  committee  will  be  able  to  give  us  more  information  on 
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the  subject  than  appears  to  be  available  to-day.  The  shape  of  the 
stress-strain  curve  beyond  the  elastic  limit  and  yield-point  is  markedly 
affected  by  the  time  involved  in  making  the  stress-strain  determi¬ 
nations. 

J.  O.  Cook  :*  We  had  a  question  on  the  failure  of  iron  wire  in 
connection  with  time  effect.  The  loads  causing  these  failures  wTould 
necessarily  have  to  be  considerably  above  the  ordinary  working 
stresses. 

R.  L.  Templin  :  The  tests  of  wTire  to  which  I  referred  wTere  a 

* 

form  of  creep  test  carried  out  at  room  temperatures.  Such  tests  are 
not  usually  carried  out  in  the  ordinary  type  of  testing-machine,  and 
they  frequently  give  results  which  are  appreciably  below  the  values 
that  would  be  obtained  under  ordinary  test  conditions.  In  the  case 
reported  by  Thurston,  the  ultimate  strength  of  the  material  was 
much  less  than  the  normal  test  values,  because  the  time  of  applica¬ 
tion  of  the  load  was  many  times  greater  than  the  usual  amount  of 
time  involved.  It  may  be  interesting  to  some  of  you  to  know  that  we 
have  similar  tests  of  heat-treated  “duralumin”  now  going  on  in  our 
laboratories.  These  tests  were  started  about  five  years  ago.  Dead 
loads  up  to  89  per  cent,  of  the  normal  breaking  strength  are  imposed 
on  the  material,  with  the  result  that  the  material  flow's  under  load. 
In  this  case  the  amount  of  flow'  is  less  than  w'ould  be  expected  in 
steel  or  iron. 

Our  creep  test  values  plotted  against  time  give  a  hyperbolic 
curve,  the  rate  decreasing  as  time  goes  on.  The  creep  at  the  present 
time  is  so  slow',  however,  that  we  can  not  measure  it  with  any  degree 
of  accuracy. 
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BO  I LER-WATE  R  CO  N  D ITI O N I N  G ; 

A  PITTSBURGH  DEVELOPMENT* 

By  J.  N.  Welsh!  and  H.  A.  Jackson! 

BOILER-WATER  CONDITIONING  AN  EXACT  ART 

It  seems  but  yesterday  that  the  Stanwix  boiler  of  the  Allegheny 
County  Steam  Heating  Company,  a  mammoth  for  the  day,  and 
embodying  the  new  conceptions  of  water  walls  and  screens,  was  the 
cynosure  of  all  eyes.  For  a  fleeting  moment  only,  however.  At  Mil¬ 
waukee,  John  Anderson18  began  demonstrating  the  economies  of 
operating  at  the  then  high  pressure  of  1200  pounds.  At  Kips  Bay, 
with  practically  100  per  cent,  untreated  make-up  and  operating  pres¬ 
sure  of  275  pounds,  Mumford2  was  meeting  and  solving  the  problems 
of  ratings  ranging  from  600  to  1000  per  cent.,  while  Hofmann  of 
the  National  Electric  Products  Company  was  demonstrating  the 
possibility  of  operating  at  425  pounds  pressure  while  using  100  per 
cent,  make-up  of  Ohio  valley  well  water.  To-day,  Wheeler,  with 
the  New  York  Edison  Company,  easily  getting  hourly  1,250,000 
pounds  of  steam  at  400  pounds  pressure  from  one  boiler,  says  this  is 
only  a  start.  At  Baton  Rouge,  Louisiana  Steam  Products  contracts 
to  deliver  750,000  pounds  of  steam  per  hour  at  670  pounds  pressure 
with  100  per  cent,  make-up;  and  in  the  immediate  offing  is  the  1200- 
pound  boiler  with  100  per  cent,  make-up.  Verily  a  new  era  in  steam 
generation ! 

In  the  same  breath,  a  new  era  in  the  conditioning  of  boiler 
water;  an  era  in  which  the  critical  demands  of  the  high  ratings  char¬ 
acterizing  Kips  Bay  station,  with  their  necessarily  small  volume  of 
rapidly  changing  boiler  water  are  readily  and  completely  met :  in 
which  the  high  pressures  of  Milwaukee  present  no  obstacle  to  clean 
and  corrosion-free  surfaces;  in  which  to  satisfy  the  most  exacting 
requirements  of  the  water  walls  and  screens  of  a  New  York  Edison 
mammoth  is  simple  routine  for  an  earnest  operator. 

The  foundation  of  this  success  consists  of  timely  and  correct 
appraisal  of  the  ever  changing  boiler  water.  Adjustments  made  to-day 
on  the  basis  of  the  sample  of  yesterday  or  earlier,  or  on  the  basis  of 
a  composite  sample  for  a  preceding  week,  are  in  vain.  Symbolic 
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of  the  new  era  is  the  operator  who  has  been  carefully  instructed  by 
his  advisers  on  the  characteristics  of  boiler  waters,  and  tests  for  recog¬ 
nizing  them,  and  who,  testing  a  sample  immediately  it  is  drawn,  at 
once  makes  any  necessary  adjustments  to  assure  correct  conditions 
in  the  boiler  water.  There  is  no  guesswork  in  what  he  does;  for 
boiler-water  conditioning  is  to-day  an  exact  art,  comprehending  all 
pressures,  all  ratings;  in  fine,  all  contacts  of  water  and  metal  in  the 
steam-generating  plant. 

MEN  AND  PLANTS 

The  principles  of  boiler-water  conditioning  that  had  their  incep¬ 
tion  in  the  co-operative  investigation3  in  Pittsburgh  by  the  Hagan 
Corporation  and  the  United  States  Bureau  of  Mines,  are  to-day 
directing  the  trend  of  water  conditioning  the  world  over.  The  plants 
of  the  Pittsburgh  district,  however,  have  been  the  proving-ground  on 
which  the  water-conditioning  theories  of  the  laboratory  have  evolved 
into  the  simple  routine  of  operating  control. 

We  owe  much  to  Fischer  of  the  Mesta  Machine  Company4  and 
Dudley  of  the  Jones  and  Laughlin  Steel  Corporation5  for  bearing 
with  us  in  our  early  wrestlings  with  the  foibles  and  weaknesses  of 
soda-ash ;  and  later,  when  our  path  led  to  higher  pressures,  the  interest 
and  co-operation  of  Hankison  of  the  West  Penn  Power  Company6 
resulted  in  establishing  as  a  fact,  that  maintenance  of  the  desired 
equilibria  at  the  evaporative  surfaces  with  phosphate  eradicated  scale 
deposition  at  high  as  well  as  low  pressures.  Bleyer  of  the  National 
Tube  Company,  at  Lorain,  Ohio;  Mumford  of  the  New  York  Steam 
Corporation;  and  later,  Rath  of  the  National  Tube  Company,  Mc¬ 
Keesport,  Pa.,  and  Hofmann  of  the  National  Electric  Products  Com¬ 
pany  at  Ambridge,  Pa.,  by  their  co-operation,  have  contributed  their 
share  to  the  present  definiteness  of  the  art  of  water  conditioning. 
Progress  often  has  its  inception  in  friendly  discussion  sometimes  with 
agreement,  sometimes  with  disagreement ;  and  in  this  way  Hecht  of 
the  Duquesne  Light  Company,  who  is  contributing  largely  to  the 
solution  of  many  chemical  problems  in  the  central-station  industry, 
and  Call  of  the  Beech  Bottom  station,  have  been  a  stimulus  to  us  in 
our  work. 

Thus  we  need  not  go  far  afield  for  plants  illustrative  of  applica¬ 
tion  of  the  principles  of  boiler-water  conditioning,  and  shall  use  in 
this  discussion  only  those  in  or  near  Pittsburgh. 
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FUNDAMENTAL  PRINCIPLES  OF  BOILER-WATER 

CONDITIONING 

The  water  conditioning  requirements  of  a  boiler  water  vary  with 
variation  of  the  dissolved  components  therein  and  with  different 
operating  pressures.  The  fundamental  requirements  are  briefly  as 
follows  :7 

1.  The  boiler  water  must  contain  in  dissolved  form  a  chosen 
material  (carbonate  or  phosphate)  in  amount  sufficient  to 
assure  constant  maintenance  of  desired  chemical  equilibria 
at  the  evaporative  surfaces.  Simple  routine  tests  are  guide- 
posts  to  desirable  maintenance.  Choice  between  carbonate 
and  phosphate  is  based  on  operating  pressure,  since  rapid 
decomposition  of  carbonate  at  higher  pressures  renders  its 
use  both  ineffectual  and  uneconomic. 

2.  The  alkalinity  of  the  boiler  water  must  be  maintained  within 
low,  well  defined  limits  at  all  times. 

3.  The  boiler  water  must  be  kept  free  of  saponifiable  matter 
and  organic  contamination. 

4.  Every  effort  must  be  made  to  obtain  the  minimum  concentra¬ 
tion  of  dissolved  solids  in  the  feed-water  so  that  necessary 
limitation  thereof  in  the  boiler  water  shall  not  be  purchased 
at  the  expense  of  excessive  blow  down. 

5.  It  is  more  important  that  the  collective  total  of  dissolved 
and  suspended  solids  in  the  boiler  water  be  a  minimum,  than 
to  accept  increased  concentration  of  the  total  for  the  sake  of 
decreasing  the  latter  a  few  parts  per  million. 

Condition  No.  1  is  the  main  theorem  of  boiler-water  condition¬ 
ing.  We  may  illustrate  its  meaning  thus: 

The  chemical  maintained  in  the  boiler  water  is  the  actively 
engaged  front  line  of  defense  against  scale;  the  routine  test  on  the 
boiler  water  is  the  roll-call  to  determine  the  number  of  casualties 
since  the  preceding  test ;  and  any  change  in  rate  of  addition  of  chem¬ 
ical  is  merely  the  pro-rating  of  reinforcements  to  maintain  the  front 
line  at  full  fighting  strength.  It  was  the  opportunity  of  the  co-opera¬ 
tive  research  to  define  the  necessary  strength  and  character  of  the 
front  line  of  defense  for  all  possible  operating  conditions;  efficient 
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maintenance — the  responsibility  of  the  operator  and  none  other — pre¬ 
sents  an  impregnable  defense  that  holds  inviolate  the  cleanliness  of 
surfaces. 

Each  of  the  other  conditions  has  its  specific  significance,  and  they 
are  subsidiary  to  condition  No.  1.  Paragraph  No.  2  relates  to  pre¬ 
vention  of  corrosion  and  proper  functioning  of  the  phosphate  chemical. 
Up  and  down  these  high-sulphate  rivers  of  the  Pittsburgh  district, 
the  item  of  low,  well  defined  limits  of  boiler-water  alkalinity  has 
many  times  suffered  severely  in  the  vain  effort  to  maintain  cleanliness 
of  surfaces  by  use  of  ever  increasing  Quantities  of  the  ineffectual  car¬ 
bonate.  In  so  doing,  the  tenets  of  conditions  4  and  5,  relating  to 
carry  over  of  the  boiler  water  in  the  steam,  have  not  been  visualized, 
and  not  infrequently  from  a  third  to  a  half  of  the  total  dissolved 
solids  in  the  boiler  water  have  had  their  origin  in  the  added  treating 
chemical.  The  item  of  low  alkalinity  renders  simple  the  maintenance 
of  all  boiler-water  ratios  recommended  to  prevent  the  cracking  of 
boiler  metal. 

Condition  3  merely  states  that  it  is  better  to  remove  harmful 
contamination  (oil,  grease,  sewage,  and  organic  saponifiable  material) 
from  feed-water  rather  than  attempt  correction  thereof  in  the  boiler 
water.8 


VARIOUS  CASES  ILLUSTRATIVE  OF  BOILER-WATER 

CONDITIONING 

Case  1.  This  was  a  case  of  direct  conditioning  by  soda-ash.  This 
plant  is  situated  in  Homestead.  It  has  545-horse-power,  longitudinal- 
drum,  Heine  boilers.  The  operating  pressure  is  150  pounds,  and  the 
rating  is  175  per  cent,  average,  with  sudden  changes  to  275  per  cent. 
Make-up  is  100  per  cent,  of  South  Pittsburgh  (Monongahela  River) 
water.  Soda-ash  as  conditioning  material  is  added  directly  to  the 
boiler  water  by  means  of  a  small  chemical  pump,  thus  avoiding  trou¬ 
ble  of  feed-line  deposition  that  would  occur  were  it  added  at  the 
heater  or  to  the  suction  side  of  the  boiler  feed  pump. 

It  was  here  in  1922  that  our  first  plant  experimental  work  was 
done,  in  co-operation  with  Carl  Fischer,  superintendent  of  light,  heat 
and  power.  We  will  not  burden  you  with  details  of  this  work,  as 
they  are  available  in  technical  papers.4  The  most  striking  feature 
encountered  was  that  the  boiler  water  resulting  from  evaporation  of 
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the  city  water,  and  producing  large  quantities  of  beautifully  pure 
calcium  sulphate  scale,  was,  without  filtration,  clear  enough  for 
drinking  water.  In  this  boiler  water  there  was  no  case  of  precipi¬ 
tation  of  small  individual  particles  which  by  incidental  lodgement 
on  the  evaporative  surfaces  were  congealed  into  hard  scale.  This 
was  true  crystallization  from  a  supersaturated  solution  directly  on 
the  surfaces,  and  so  prevention  of  boiler-scale  formation  resolved 
itself  into  recognition  of  desirable  equilibria  at  the  evaporative  sur¬ 
faces  and  their  efficient  maintenance.  Decision  to  this  effect  imme¬ 
diately  destroyed  all  credence  in  any  of  the  fantastic  and  nebulous 
colloid  methods  of  scale  prevention,  whether  the  colloid  was  said  to 
be  a  rare  product  of  sea  or  of  land. 

The  question  of  how  much  soda-ash  was  necessary  to  maintain 
the  desired  equilibria  was  answered  later,  in  1923,  and  Mr.  Fischer 
was  the  recipient  of  the  first  set  of  curves  ever  drawn  in  the  whole 
history  of  water  treating  showing  the  necessary  ratio  of  carbonate 
to  sulphate  in  his  boiler  waters  for  his  operating  pressure  of  150 
pounds.  Those  same  curves  control  his  water  conditioning  to-day. 
Whereas,  previous  to  their  use,  each  boiler  required  turbining  every 
two  months  (cleaning  requiring  three  days),  with  their  use  turbining 
occurs  once  or  twice  a  year,  requiring  one  day.  Three  boilers  with 
clean  surfaces  readily  carry  the  load  which  four  had  carried  pre¬ 
viously,  and  worth-while  savings  in  fuel  have  been  effected. 

Case  2.  This  case  relates  to  direct  conditioning  by  phosphate. 
The  curves  we  had  developed  led  us  to  the  conclusion  that  successful 
results  from  conditioning  by  soda-ash  were  unattainable  at  operating 
pressures  in  excess  of  210  pounds,  and  to-day  we  believe  that  soda-ash 
should  not  be  used  as  a  final  conditioning  chemical  much  above  150 
pounds. 

That  maintenance  of  phosphate  in  the  boiler  water  in  place  of 
attempted  maintenance  of  carbonate  was  a  solution  to  the  problems 
of  scale  formation  at  higher  operating  pressure,  was  demonstrated 
for  the  first  time  at  the  Springdale  plant  of  the  West  Penn  Power 
Company.0  These  boilers,  with  an  operating  pressure  of  325-350 
pounds  (now  to  be  raised  to  375  pounds),  ratings  of  275-550  per 
cent,  and  raw-water  make-up  of  about  0.25  per  cent.,  developed  con¬ 
siderable  calcium  sulphate  scale  in  spite  of  careful  treatment  with 
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soda-ash.  In  April  of  1924,  Hankison,  with  Sprague  controlling  con¬ 
ditions  on  the  boilers,  began  the  maintenance  of  phosphate  in  the 
boiler  water.  From  that  date  to  the  present  there  has  been  no  burning 
out  of  tubes  due  to  scale  formation,  and  theie  has  been  no  turbining 
of  boilers  since  January,  1925,  although  prior  to  maintenance  of  phos¬ 
phate,  the  boilers  were  turbined  annually  or  semi-annually,  and  even 
then  considerable  loss  of  tubes  was  experienced. 

Tribute  should  be  paid  to  Hankison,  Sheppard,  and  the  West 
Penn  Power  Company  organization,  for  their  monumental  work 
regarding  moisture  in  steam.  In  its  early  days  there  were  those  who 
held  phosphate  treatment  as  most  specifically  contributory  to  wet 
steam,  not  realizing  as  yet  that  the  low  boiler-water  alkalinity  re¬ 
quired  for  satisfactory  phosphate  conditioning,  actually  made  this 
type  of  conditioning  much  less  productive  of  wet  steam.  Hankison 
was  confronted  by  the  dilemma  of  deposits  in  superheaters  from 
carry  over,  but  desired  to  continue  phosphate  conditioning  because 
of  the  merits  he  had  found  therein.  The  results  of  his  extensive 
investigation,  extending  over  many  months,  may  be  summarized  in 
the  statement  that  the  phosphate  treatment  has  continued  uninter¬ 
rupted^,  and  that  elimination  of  trouble  from  wet  steam  followed 
more  careful  adjustment  of  water-levels,  boiler-water  alkalinities, 
boiler-water  concentrations,  and  elimination  of  organic  contamination. 

Thus,  by  the  experience  with  the  Mesta  Machine  Company  and 
the  West  Penn  Power  Company,  the  different  fields  in  which  soda-ash 
or  phosphate  was  capable  of  producing  and  maintaining  clean  evap¬ 
orative  surfaces,  had  been  defined. 

Case  3.  Our  next  example  is  that  of  a  pumping  station  in  the 
Oakland  district-  (Pittsburgh)  having  two  gas-fired  Babcock  & 
Wilcox  longitudinal-drum  boilers  of  450  and  340  horse-power,  re¬ 
spectively,  operating  at  155  pounds  gage  pressure,  75  per  cent,  of 
rating,  with  make-up  of  approximately  95  per  cent.  Pittsburgh  city 
(Allegheny  River)  water. 

This  is  a  case  in  which  soda-ash  conditioning  should  be  effective. 
However,  after  61  days  of  continuous  service  with  soda-ash  condi¬ 
tioning,  a  boiler  was  taken  off  the  line  and  heavy  scale  was  found 
in  those  sections  of  tubes,  in  the  first  pass  of  the  boiler.  Eleven  tubes 
had  to  be  replaced  even  though  operating  instructions  for  using  soda- 
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ash  had  been  carefully  followed.  Investigation  showed  that  the  gas 
firing  resulted  in  extremely  high  temperatures  in  the  first  pass  of 
the  boiler.  The  temperatures  of  boiler  water  developed  at  this  loca¬ 
tion  in  the  boiler  must  have  exceeded  the  maximum  at  which  soda- 
ash  is  efficaceous,  for  scale  resulted. 

Conditioning  was  immediately  begun  with  trisodium  phosphate 
but  less  than  one  month  later  trouble  with  scale  and  burned-out  tubes 
was  again  experienced.  The  scale  which  caused  the  trouble  was  of 
no  great  thickness  but  broken  pieces  had  collected  in  the  section  of 
the  tubes  corresponding  to  the  first  pass  of  the  boiler.  It  was  the 
effect  of  these  masses  of  scale  which  caused  the  failure  of  tubes. 
Analysis  of  the  scale  showed  it  to  consist  mainly  of  calcium  sulphate; 
thus,  in  this  case,  even  with  phosphate  treatment,  calcium  sulphate 
scale  formed  in  a  boiler  operating  at  155  pounds  pressure  although  at 
the  plant  of  the  West  Penn  Power  Company,  phosphate  was  main¬ 
taining  clean  boilers  at  350  pounds  pressure.  A  comparison  of  the 
records  of  the  two  plants,  however,  shows  that  at  the  plant  of  the 
West  Penn  Power  Company  available  phosphate  was  maintained  in 
the  boiler  water,  while  at  the  pumping-station  plant  the  records  just 
as  positively  indicate  that  there  was  no  available  phosphate  in  the 
boiler  water.  Herein  lies  the  difference  between  casual  inexact  boiler- 
water  treatment  and  the  exact  boiler-water  conditioning  that  main¬ 
tains  scale-free  evaporative  surfaces,  whatever  conditions  are  imposed. 
The  quantity  of  phosphate  added  was  increased  accordingly  and 
tests  showed  available  phosphate  to  be  present  in  the  boiler  water. 
Nevertheless,  in  a  short  time  scale  and  blistering  of  tubes  again 
occurred.  On  tracing  this  down,  it  was  found  that  the  city  water 
had  slipped  over  to  the  acid  side  and  that  the  boiler-water  alkalinity 
had  disappeared.  Although  in  technical  papers  we  had  carefully 
written  about  the  necessity  of  maintenance  of  hydroxid  alkalinity  in 
the  boiler  water,  when  it  came  to  actual  practice  we  hail  overlooked 
this  point.  The  boiler  was  put  back  on  the  line,  enough  alkaline 
chemical  introduced  with  the  phosphate  to  provide  the  neccssan 
caustic  alkalinity  in  the  boiler  water  whereupon  the  amount  of  phos¬ 
phate  required  decreased  one-third  and,  from  then  on,  successful 
results  followed  the  phosphate  conditioning. 
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Case  4.  Our  next  example  takes  us  slightly  out  of  the  Pitts¬ 
burgh  district  to  the  steel  manufacturing  industry  of  northern  Ohio. 
Since  1924  the  water  conditioning  at  this  plant  has  been  growing  up 
simultaneously  with  the  developments  of  the  co-operative  research 
and  the  research  fostered  under  the  auspices  of  Hall  Laboratories, 
Inc.,  following  discontinuance  in  1926  of  the  investigation  at  the 
United  States  Bureau  of  Mines. 

At  the  time  of  beginning  work  at  this  plant,  the  feed-water  for 
six  1950-horse-power  Bigelow-Hornsby  boilers  operating  at  160 
pounds  pressure,  was  taken  from  a  small,  variable,  high-sulphate 
river,  and  softened  in  a  batch-process  lime-soda  system  operating  at 
about  100  degrees  F.  Despite  fairly  efficient  softening  of  the  water, 
the  steam-generating  tubes  nearest  the  furnace  in  these  boilers,  quickly 
became  covered  with  scale,  requiring  frequent  turbining  and  resulting 
in  severe  loss  of  tubes.10  As  it  was  proposed  eventually  to  operate 
these  boilers  at  275  pounds  pressure,  it  was  evident  that  a  radical 
change  must  be  made  to  make  this  elevation  in  pressure  economical 
and  successful. 

At  the  operating  pressure  of  160  pounds,  two  methods  of  attack 
were  available: 

1.  To  introduce  soda-ash  directly  into  the  evaporative  element 
of  the  Bigelow-Hornsby  boiler,  making  up  for  the  deficiency 
caused  by  decomposition  of  the  soda-ash  in  the  economizer 
and  pre-heating  sections. 

2.  To  accept  the  added  cost  of  phosphate  and  use  this  stable 
radical  for  the  final  conditioning  of  the  entire  boiler. 

The  latter  course  was  chosen  and  has  been  followed  continuously 
from  that  date  to  the  present.  The  operating  pressures  have  been 
increased  to  265  pounds,  the  same  softener  is  functioning  to-day  as 
then,  and  despite  variability  and  high  sulphate  of  the  river  water, 
cleanliness  of  surfaces  has  been  continuous  except  that  for  a  short 
period,  when  attempting  to  maintain  extremely  low  alkalinities  in 
the  boiler  water,  some  silicate  deposits  were  formed.  This  is  another 
factor  in  control  of  phosphate  conditioning — that  in  high-silicate 
waters  a  higher  alkalinity  must  be  maintained  for  cleanliness  of  sur¬ 
faces  than  in  a  water  not  thus  contaminated. 
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To-day,  three  additional  boilers  of  large  capacity  have  been 
added  to  the  original  six,  and  the  load  of  the  plant  is  being  gradually 
shifted  to  this  central  power  station. 

Another  phase  of  water  conditioning  at  this  plant  is  of  interest. 
Originally  the  boiler  waters  were  a  deep  wine  red.  Extraction  of  the 
saponifiable  matter  therein  showed  the  presence  of  large  quantities  of 
oil.  Investigation  determined  the  fact  that  the  raw  water,  while 
apparently  of  extremely  polluted  character,  was  not  causative  of  this 
condition,  but  that  the  contamination  must  arise  from  the  plant 
returns.  Although  this  seemed  impossible  to  the  operators,  they  gave 
to  elimination  of  this  condition  the  splendid  co-operation  that  has 
always  marked  our  co-operative  work,  and  which  after  all  is  the  deter¬ 
mining  factor  between  splendid  and  indifferent  results.  During  two 
years,  every  possible  return  of  oil  from  the  plant  was  hunted  out  and 
dried  up,  or  else  the  contaminated  steam  was  turned  to  the  sewer. 
As  a  result  of  this  diligent  search,  the  boiler  waters  to-day  with  prac¬ 
tically  100  per  cent,  make-up  from  this  small  dirty  river,  are  almost 
water  white.  The  significance  of  lack  of  color  is  evidence  of  absence 
of  contaminating  organic  saponifiable  material,  and  the  result  from 
elimination  thereof  is  reflected  in  the  tremendously  better  boiling  con¬ 
ditions  and  better  quality  of  steam  produced  to-day. 

A  third  factor  of  interest  at  this  plant  is  that,  due  to  insufficient 
de-aeration,  the  feed-water,  although  alkaline,  produced  corrosion  in 
the  economizer  sections.  While  the  de-aeration  and  alkalinity  have 
been  sufficient  to  protect  high-velocity  economizers  from  corrosion, 
the  problem  of  corrosion  in  the  low-velocity  economizers  was  serious. 
Mechanically  applied  protective  coatings  most  carefully  applied  to 
the  economizers  proved  of  insufficient  benefit  in  stopping  corrosion 
to  be  economic  of  application.  To-day  this  problem  is  being  taken 
care  of  by  installation  of  sufficient  de-aerating  capacity. 

Over  a  period  of  six  years  at  this  plant  the  work  has  gone  on  and 
step  by  step  the  various  problems  presented  by  the  steam-generating 
plant  have  been  met  until  to-day  the  boiler-water  conditioning  is  as 
exact  a  proposition  as  any  other  operation  in  the  steam  plant. 

We  will  comment  upon  just  one  more  feature  of  the  work  at 
this  plant.  During  the  years  1926-1928  in  our  laboratory  we  carried 
out  a  large  amount  of  research  on  use  of  anti-foam  materials.11 
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Materials  that  possess  anti-foam  characteristics  for  a  fully  treated 
water  are  all  organic  in  character.  Like  all  organic  bodies,  therefore, 
their  stability  decreases  with  increasing  temperature  and  at  the  tem¬ 
perature  of  boiler  waters  their  degeneration  and  saponification  in  the 
alkaline  boiler  water  renders  of  brief  duration  any  effectiveness  they 
may  originally  possess  in  this  direction.  These  results  of  laboratory 
work  were  checked  by  plant  experiment  on  boilers  at  150  pounds  pres¬ 
sure,  and  fortunately  were  never  attempted  even  experimentally  at  the 
plant  in  question.  We  believe  the  right  course,  not  only  for  this  plant 
but  for  all  plants,  was  chosen — to  prevent  the  entrance  of  contami¬ 
nation  to  the  boiler  water  rather  than  to  load  the  boiler  water  with 
concoctions  in  the  effort  to  nullify  pernicious  effects. 

Case  5.  Our  next  example  takes  us  to  a  steel  plant  in  the  Pitts¬ 
burgh  district  using  Monongahela  River  water  contaminated  by  the 
Youghiogheny  River.  The  point  of  importance  in  this  case  is  the  fact 
that  the  lime-soda  batch  process  operating  at  approximately  100  de¬ 
grees  F.,  supplies  water  to  certain  boilers  operating  at  150  pounds 
pressure,  and  to  certain  others  operating  at  250  pounds  pressure.  The 
simplicity  of  maintaining  clean  surfaces  throughout  the  plant  as  well 
as  conditions  of  desirable  alkalinities  in  the  boiler  water  by  methods 
of  boiler-water  conditioning  is  well  illustrated  by  this  case. 

The  softener  is  run  to  give  a  moderately  complete  separation 
of  the  scale-forming  components  in  the  water,  but  excessive  amounts 
of  soda-ash  and  lime  are  avoided.  However,  in  those  plants  running 
at  150  pounds  pressure,  auxiliary  soda-ash  is  added  at  the  heater  in 
conformity  with  the  demands  registered  by  tests  on  the  boiler  water, 
for  maintaining  the  necessary  carbonate-sulphate  ratios  therein. 

At  the  plant  operating  at  250  pounds  pressure,  auxiliary  alkali- 
reducing  phosphate  is  introduced  at  the  heater,  placing  the  final  con¬ 
ditioning  of  the  boiler  water  on  the  phosphate  basis;  and  (because 
an  alkali-reducing  phosphate  is  used  for  this  purpose)  maintaining  in 
the  boiler  water  alkalinities  that  are  pleasingly  low. 

The  introduction  of  phosphate  at  the  heater  in  this  manner  has 
created  for  the  laboratories  a  problem  of  consequence  because  of  devel¬ 
opment  of  phosphate  deposits  in  feed  lines.  Temporary  relief12  was 
obtained  by  adding  with  the  phosphate,  the  necessary  quantities  of  a 
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tannic  acid  body  as  quebracho  extract,  in  order  to  stay  precipitation 
of  the  calcium  phosphate  for  a  brief  period  and  thus  eliminate  feed¬ 
line  deposits.  Of  various  possible  organic  bodies,  the  tannic  acid  mate¬ 
rial  was  chosen  because  it  offers  the  least  possibility  of  degeneration 
into  saponifiable  materials  in  the  boiler  water. 

Within  recent  months  the  Laboratories  have  developed  a  mole- 
cularly  dehydrated  phosphate  that  gives  freedom  at  this  plant  from 
all  feed-line  deposits  without  addition  of  any  organic  material  what¬ 
ever.  This  development  of  the  Laboratories  has  the  further  notable 
property  that  while  being  nearly  neutral  as  present  in  the  feed-water 
it  becomes  strongly  alkali-reducing  in  the  boiler  water  and  hence 
gives  an  excellent  control  over  boiler-water  alkalinities. 

Thus  the  difficulties  inherent  in  operating  boilers  of  different 
pressures  from  the  same  softener  are  overcome  by  boiler-water  con¬ 
ditioning.  It  has  been  simpler  to  obtain  desired  cleanliness  of  sur¬ 
faces  in  the  250-pound  boilers  with  phosphate  than  in  the  150-pound 
boilers  using  carbonate.  Thus  cleaning  has  not  been  necessary  on 
these  250-pound  boilers  since  the  last  one  was  turbined  on  October 
12,  1927,  and  on  inspection  this  spring  they  have  been  found  perfectly 
free  from  scale  and  corrosion. 

Case  6.  In  this  plant  feed-water  for  boilers  of  125  pounds  pres¬ 
sure  is  softened  by  “zeolite”  using  McKeesport  city  (Monongahela 
River)  water.  Some  scale  and  too  low  alkalinity  in  the  boiler  water 
have  been  the  problem.  It  has  been  rectified  by  the  addition  of  soda- 
ash  to  the  feed-water  in  amounts  sufficient  to  maintain  the  correct 
carbonate-sulphate  relations  in  the  boiler  water. 

Case  7.  In  this  plant,  the  boilers  at  operating  pressures  of  100 
to  150  pounds  derive  their  feed-water  from  well  water  treated  with 
“zeolite”.  When  the  “zeolite”  is  new  the  boiler  waters  develop  too 
high  alkalinity.  Addition  of  coagulant  and  filtration  of  the  raw  water 
are  unable  to  remove  the  mineral  oil  completely,  and  the  efficiency  of 
the  “zeolite”  rapidly  decreases. 

The  flexibility  of  boiler-water  conditioning  and  boiler-water  con¬ 
trol  obviates  difficulties  for  this  plant.  When  the  mineral  is  fresh 
and  the  alkalinities  too  high,  sufficient  raw  well  water  is  by-passed 
directly  to  the  boiler  to  reduce  the  alkalinities  to  the  point  where  the 


338 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA. 


[Dec. 


desirable  carbonate-sulphate  ratios  obtain  in  the  boiler  water.  As 
the  activity  of  “zeolite”  decreases,  addition  of  sodium  carbonate  be¬ 
comes  necessary  and  is  made  in  amount  sufficient  to  maintain  the 
carbonate-sulphate  ratios.  Simple  routine  tests  on  the  boiler  water 
tell  the  story  of  what  is  necessary  and  thus  protect  the  boiler  surfaces 
although  feed-water  conditions  are  subject  to  wide  variation. 

Case  8.  Three  or  four  years  ago  we  all  observed  with  dis¬ 
quietude  the  plans  going  forward  at  Ambridge  for  the  operation  of 
a  boiler  at  425  pounds  with  100  per  cent,  make-up  of  Ohio  valley 
well  water.  The  well  waters  of  this  district  are,  in  general,  of  con¬ 
siderably  higher  content  of  dissolved  solids  than  are  the  river  waters, 
with  the  exception  of  Youghiogheny  River  water. 

The  boiler  was  erected  and  placed  in  operation.  Available  for 
treatment  of  the  water  was  a  continuous  hot-process  lime-soda  soft¬ 
ener  without  filters,  wdiich  had  served  its  purpose  quite  well  in  pre¬ 
paring  feed-water  for  the  125-pound  Wickes  boilers  which  were 
predecessors  of  the  new  high-pressure  boiler. 

One  can  not  expect  lime-soda  treated  water  to  maintain  clean 
surfaces  with  high  percentage  make-up  at  this  operating  pressure.  The 
fault  lies  not  in  the  softener  but  in  the  fact  that  soda-ash  does  not 
have  permanent  qualities  at  high  temperatures,  and  its  decomposition 
in  the  boiler  water  renders  its  presence  unavailing  to  inhibit  scale 
formation.  One  wonders  at  the  temerity  of  a  boiler-compound  man 
who,  probably  ignorant  of  the  quality  of  the  Ohio  valley  well  water, 
recommended  discontinuance  of  a  softener  on  this  water  in  favor  of 
his  special  concoction.  When  we  were  asked  to  co-operate  in  this 
problem  of  water  conditioning,  we  were  only  too  glad  to  avail  our¬ 
selves  of  every  bit  of  help  that  could  be  derived  from  the  softener 
prior  to  the  control  of  the  boiler-water  conditions  by  the  phosphate 
chemical. 

Our  first  step  was  to  make  certain  that  the  proportioner  of  the 
softener  should  work  efficiently,  and  that  we  should  therefore  derive 
from  the  softener  in  the  absence  of  filters  as  clear  a  water  as  possible. 
With  that  done,  and  with  the  complete  co-operation  of  the  operator, 
the  results  are  as  follows.  Continuous  maintenance  of  phosphate  in 
the  boiler  wTater  has  resulted  in  a  cleanliness  of  surfaces  and  in  absence 
of  tube  loss  that  was  perfect  from  the  period  of  start  over  two  years 
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ago  until  very  recently  when  in  the  attempt  to  bring  the  alkalinities 
of  the  boiler  water  exceedingly  low  we  overstepped  the  safe  limit  and 
lost  a  few  tubes.  This,  however,  is  but  an  incident  and  with  our 
safe  lower  limit  of  alkalinity  established  there  will  be  no  recurrence. 
The  only  turbining  these  boilers  have  had  has  been  an  annual  passage 
of  the  turbines  through  the  tubes  to  knock  off  the  external  accumu¬ 
lations  thereon. 

Case.  9.  In  our  final  example,  where  a  recent  installation  of 
boilers  at  400  pounds  pressure,  operating  with  100  per  cent,  make-up 
of  Monongahela  River  water,  must  be  maintained  in  continuous 
operation,  a  combination  of  the  most  recent  type  of  hot-process  con¬ 
tinuous  lime-soda  softener  with  phosphate  conditioning  bv  the  newly 
developed  molecularly  dehydrated  phosphate,  has  proved  very  suc¬ 
cessful.  Due  to  the  characteristics  of  the  boilers,  large  blow  down 
is  necessary ;  but,  despite  this,  operation  of  the  softener  on  the  low- 
excess  alkalinities  that  are  required  at  the  temperature  of  the  hot- 
process  equipment  in  conjunction  with  the  alkali  reduction  effected 
by  the  phosphate,  have  served  to  give  the  low  alkalinities  in  the  boiler 
water  that  permit  maximum  concentration  of  dissolved  solids  therein 
without  causing  moisture  in  the  steam. 

The  water  conditioning  at  this  plant,  carefully  laid  out  in 
advance,  has  gone  into  operation  practically  as  planned,  with  the 
exception  that  the  molecularly  dehydrated  phosphate  has  been  sub¬ 
stituted  for  the  disodium  phosphate  recommended  in  the  beginning, 
to  relieve  the  possibilities  of  trouble  from  feed-line  scale.  We  are 
glad  to  state  that  during  the  period  of  initiation  of  operation  when 
difficulties  seem  to  pile  one  on  another,  at  least  the  difficulty  of  scale 
deposition  on  the  tubes  has  been  obviated,  and  no  shut-down  because 
of  burned-out  tubes  has  occurred. 

CONCLUSION 

In  conclusion  we  can  do  no  better  than  to  reiterate  a  statement 
previously  made — boiler-water  conditioning  is  to-day  an  exact  art 
comprehending  all  pressures,  all  ratings;  in  fine,  all  contacts  of  water 
and  metal  in  the  steam-generating  plant.  Boiler-water  conditioning 
is  a  Pittsburgh  development,  and  we  are  indebted  to  many  plants  of 
the  Pittsburgh  district  for  their  co-operation  and  helpfulness  there¬ 
with. 
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DISCUSSION 

Edward  A.  Brown,  Jr.:*  After  hearing  this  excellent  paper, 
I  want  merely  to  raise  the  question  as  to  whether  the  speaker  con¬ 
siders  the  treatment  a  limitation  to  the  rating  possible  to  carry,  or  if 
he  would  care  to  place  the  limit  of  rating  possible,  say,  for  bent-tube 
or  horizontal-tube  boilers  with  water  as  he  proposes  to  have  it  treated. 

Personally,  I  have  always  believed  that  with  our  heavily  loaded 
waters  which  it  is  necessary  to  use  for  boiler  purposes  in  most  of  our 
plants,  even  with  the  best  treatment,  it  was  far  inferior  to  condensate 
and  did  limit  the  possible  rating.  I  would  be  pleased  to  have  the 
speaker  discuss  this  phase  of  his  subject  if  he  would  care  to  do  so. 

O.  P.  Adams  :+  The  Society  might  be  interested  in  the  method 
employed  at  our  boiler  houses  to  equalize  the  rate  of  feed  to  the  vari¬ 
ous  drums  of  longitudinal-drum  water-tube  boilers. 

Orifice  plates  proportioned  for  a  five-pound  drop  in  pressure  at 
slightly  above  the  average  rate  of  feed  were  inserted  in  the  individual 
feed  lines  near  the  drums.  This  five-pound  drop  is  vastly  greater  in 
proportion  than  any  other  factor  affecting  the  rate  of  flow  of  water 
into  the  drum,  as  the  friction  loss  through  fittings  and  pipe  and  the 
variation  in  level  of  water  in  the  drums  are  comparatively  small  in 
magnitude.  The  net  result  is  that  the  total  frictional  resistance 
opposing  the  flow  of  the  water  from  the  outlet  of  the  regulating  valve 
to  the  drum  is  within  a  few  per  cent,  of  the  same  amount  for  each 
drum,  regardless  of  the  piping  lay-out  or  variation  of  water-level  in 
the  drums,  and,  as  a  consequence,  the  rate  of  feed  is  equalized  within 
a  few  per  cent. 

Since  installing  these  orifice  plates  we  have  been  able  to  maintain 
fairly  uniform  concentrations  throughout  the  boiler.  Previous  to 
this  time,  concentrations  in  the  drums  varied  widely,  the  water  in 
one  drum  occasionally  showing  three  times  the  concentration  fount! 
in  another  on  the  same  boiler. 

T.  G.  Timby:!  In  this  very  interesting  paper,  mention  has 
been  made  of  the  fact  that  saponifiable  organic  matter  is  not  per¬ 
missible  in  a  boiler  water.  I  should  like  to  ask  Mr.  Welsh  what  type 
or  kind  of  organic  material  is  permissible  in  boiler  water. 

*Assistant  to  Chief  Mechanical  Engineer,  Carnegie  Steel  Co.,  Munhall,  Pa. 

tSuperintendent  of  Mechanical  Power,  National  Tube  Co.,  McKeesport,  Pa. 

t McKeesport  Tin  Plate  Co.,  McKeesport,  Pa. 
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J.  N.  Welsh:  In  our  work,  all  organic  matter  is  considered 
undesirable  in  boiler  waters.  Not  because  all  organic  matter  is  spe¬ 
cifically  deleterious  to  boiler  operation,  but  because  its  introduction  to 
boiler  water  in  most  cases  entails  addition  of  organic  saponifiable  ma¬ 
terial,  either  as  such  or  as  compounds  susceptible  of  decomposition,  at 
the  temperatures  encountered,  to  form  saponifiable  material.  We 
might,  however,  consider  as  permissible,  even  though  undesirable, 
those  organic  materials  which  are  not  themselves  specifically  delete¬ 
rious  to  boiler  operation,  which,  if  volatilized  and  carried  along  with 
the  steam  are  not  harmful  to  post-boiler  equipment,  and  which  are 
fairly  stable  at  the  temperature  of  the  boiler  water. 


BOARD  OF  DIRECTION  MEETING 
January  14,  1930 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engineer' 
Society  of  W  estern  Pennsylvania  was  held  in  Parlor  1)  of  the  William  Penn 
Hotel,  Tuesday,  January  14,  at  12  o’clock,  President  W\  L.  Affelder  pre¬ 
siding,  Messrs.  A.  S.  Davison,  L.  C.  Edgar,  V.  R.  Covell,  J.  A.  Hunter,  C.  E. 
Lesher,  W.  B.  Skinkle  and  L.  E.  Young  being  present,  Messrs.  J.  1.  Alexander, 
C.  A.  Carpenter,  J.  N.  Chester,  J.  F.  Laboon,  G.  T.  Ladd  1'.  J.  McLoughlin, 
B.  R.  Shover,  G.  F.  Siefers  and  A.  Stucki  being  absent. 

The  minutes  of  the  last  regular  meeting,  held  December  17,  1929,  were 
approved  without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board,  were  elected  to  membership: 


MEMBERS 


De  Berry,  Sanford  E. 
Cadwallader,  James  A. 
Cox,  Roy  Lipscomb 
Garretson,  Forrest  D. 
Gibbs,  C.  WTi!lard 
Kaltenbach,  Earl  G. 


Morrison,  B.  F rank 
Nelms,  Harvey  J. 
Tomlinson,  John  Edward 
Turner,  Harold  Lewis 
Lmkefer,  Frederick  D. 
W7agner,  Anthony 


ASSOCIATE 

Knowlton,  Arthur  Reid 


JUNIOR 

Williams,  Charles  Henry 


Applications  for  membership  were  received  from  the  following  gentle 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows:  * 

MEMBERS 

Bingham,  W7illiam  Charles  Newlon,  John  Hawker 

Judy,  Edward  W.  Osborne,  Raymond  Storms 

Lytle,  William  Orland  Winslow,  George  W. 

ASSOCIATE 
Swern,  George  A. 


Applications  for  transfer  to  a  higher  grade  were  received  from  the 
following,  and  after  discussion  it  was  moved  and  carried  that  they  be  trans- 
ferred  to  higher  grades:  WTalter  John  Blenko  (Member),  Fred  Ellman 
(Associate  Member). 

The  report  of  the  Secretary,  showing  the  condition  of  the  finance'  at  the 
close  of  business  December  31,  having  been  audited  by  the  Finance  C  om¬ 
mittee,  was  approved. 

Mr.  Covell,  Chairman  of  the  House  Committee,  reported  an  evening 
attendance  of  400  for  the  month  of  December. 

The  Membership  Committee  held  one  meeting  to  go  over  applications 
received  since  the  last  meeting  of  the  Board,  and  to  act  on  any  other  business, 
coming  before  the  Committee. 

In  accordance  with  action  taken  at  the  last  meeting  of  the  Board,  Mr. 
L.  C.  Edgar,  Chairman  of  the  Special  Committee  on  the  celebration  of  our 
Fiftieth  Anniversary,  presented  his  report. 

After  a  general  discussion,  it  was  moved  and  carried  that  the  President 
be  authorized  to  appoint  a  committee  of  about  five  to  have  charge  of  t h i ' 
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celebration,  these  committeemen  to  act  as  chairmen  of  sub-committees  to 
handle  the  details.  It  was  further  recommended  that  the  plan,  generally  out¬ 
lined  by  Mr.  Edgar's  committee,  be  followed  in  making  arrangements. 

The  meeting  adjourned  at  1:15  P.  M. 

K.  F.  Treschow,  Secretary. 


ANNUAL  MEETING 
January  14,  1930 

The  fiftieth  annual  meeting  of  the  Engineers’  Society  of  Western  Penn¬ 
sylvania  was  held  in  the  Biue  Room  of  the  William  Penn  Hotel,  Tuesday 
evning,  January  14,  at  8:15  o'clock,  Vice  President  L.  C.  Edgar  presiding  in 
the  absence  of  President  J.  N.  Chester,  185  members  and  visitors  being 
present. 

The  minutes  of  the  last  annual  meeting,  held  January  22,  1929,  were  read 
and  approved. 

The  annual  report  of  the  Board  of  Direction,  including  the  reports  of 
the  Standing  Committees,  the  Sections  and  the  Treasurer,  were  read  as 
follows : 

REPORT  OF  BOARD  OF  DIRECTION 

During  the  year,  ten  meetings  of  the  Board  of  Direction  were  held,  at 
which  the  routine  business  of  the  Society  was  transacted. 

The  Board  has  in  the  past  had  considerable  discussion  as  to  the  various 
activities  of  our  Society,  especially  this  year,  due  to  the  condition  of  our 
finances.  It  is  difficult,  of  course,  in  an  organization  as  large  as  ours  to  give 
everyone  the  type  of  meeting  in  which  they  are  particularly  interested  and 
the  social  activities  which  they  most  enjoy.  It  is  only  through  the  co-operation 
of  the  members  in  supporting  these  functions  by  their  attendance,  or  in  send¬ 
ing  in  suggestions  for  other  activities,  that  we  can  hope  to  succeed.  We, 
therefore,  bespeak  your  co-operation  during*  the  coming  year  in  taking  an 
active  part  in  the  wTork  of  the  Society  and  giving  us  the  benefit  of  any  sug¬ 
gestions  you  may  have  for  its  betterment. 

Respectfully  submitted, 

K.  F.  Treschow,  Secretary. 


REPORT  OF  ENTERTAINMENT  COMMITTEE 


To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

Your  Entertainment  Committee  desires  to  submit  the  following  report  of 
the  social  activities  of  the  Society  during  the  year: 


Annual  Banquet . February  4,  1929 

Annual  Open  House . March  8,  1929 

Bridge  Party  . May  10,  1929 

Annual  Boat  Ride . June  17,  1929 

Golf  Tournament — Pittsburgh 

Field  Club  . June  24,  1929 

Golf  Tournament — Westmoreland 

Country  Club  . September  23,  1929 

Hallowe'en  Party  . October  29,  1929 


Attendance  1025 
Attendance  217 
Attendance  140 
Attendance  242 

Attendance  83 

Attendance  102 
Attendance  116 


1925 


1 930  J 


ABSTRACT  OF  MINUTES 


3 


With  the  exception  of  slight  decreases  in  the  Annual  Banquet  and 
Annual  Boat  Ride,  there  was  a  decided  increase  in  each  activity  in  1929  over 
1928.  Your  Committee  is  very  much  encouraged  over  this  increase  and  feels 
that  the  social  activities  materially  help  the  development  of  the  Society 
affairs. 

Bridge  and  Chess  Tournaments  were  held  as  usual. 

Respectfully  submitted, 

Allen  S.  Davison,  Chairman. 


REPORT  OF  FINANCE  COMMITTEE 

To  the  Board  of  Direction, 

Engineers'  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

In  accordance  with  the  established  custom,  an  independent  audit  of  the 
Society’s  accounts  was  made  this  year  by  Mr.  W.  B.  Hanson,  Certified  Public 
Accountant. 

Your  Finance  Committee  has  held  several  meetings  during  the  year,  at 
which  finances  of  the  Society  w’ere  discussed,  budget  planned,  etc. 

The  real  problem  of  this  Committee,  during  the  past  year,  has  been  the 
discussion  and  final  recommendation  for  the  increase  of  dues,  which  has  been 
voted  upon  and  adopted.  As  stated  in  the  letter  to  the  membership,  this  sub¬ 
ject  has  been  under  discussion  for  several  years  and  every  effort  made  by 
both  the  Finance  Committee  and  the  Board  of  Direction  to  balance  our  bud¬ 
gets  under  the  present  dues.  However,  each  year  it  has  become  increasingly 
difficult  until  we  were  finally  obliged  to  ask  the  permission  of  the  membership 
to  raise  the  dues  to  $20.00  per  year,  in  order  that  we  may  maintain  our 
present  activities  and  continue  to  give  the  membership  those  activities  and 
services  essential  to  the  continued  welfare  of  our  organization. 

At  the  beginning  of  the  year,  receipts  and  expenditures  were  estimated 
by  the  Committee  as  follows: 

Receipts  .  $24,255.00 

Expenditures  .  23,840.00 

Actual  expenditures  and  receipts  were: 

Receipts  .  $24,369.41 

Expenditures  .  26,284.86 

It  can  easily  be  seen  from  the  above  figures  that  an  increase  in  dues  was 
absolutely  essential  and  the  Committee  believes  that  with  this  gain  in  revenue 
the  Society  can  again  be  placed  on  a  sound  financial  basis. 

Respectfully  submitted, 

C.  E.  Lesher,  Chairman. 


REPORT  OF  HOUSE  COMMITTEE 

To  the  Board  of  Direction, 

Engineers'  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

In  presenting  the  annual  report  of  the  House  Committee,  I  wish  to  advise 
that  we  had  an  evening  attendance  of  3500  during  the  past  year. 

The  enlargement  and  remodeling  of  the  William  Penn  Hotel,  which  was 
completed  during  the  past  year,  brought  a  suggestion  from  the  hotel  manage¬ 
ment  that  the  Society  consider  taking  rooms  on  the  third  floor  of  the  building 
in  place  of  those  occupied  in  the  lower  lobby.  It  was  also  requested  that  if  we 
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remained  in  the  lower  lobby,  we  relinquish  the  room  used  as  an  office,  work¬ 
room  and  coatroom  and  take,  in  lieu  of  this,  rooms  adjoining  on  the  Grant 
street  side  of  the  clubroom. 

In  reaching  a  decision  consideration  was  given  to  several  matters,  as 
follows : 

1.  The  unsatisfactory  ventilation  which  had  obtained  in  the  old  quar¬ 
ters,  a  condition  which  was  more  aggravated  during  the  remodeling  period. 
Assurance  was  given  by  the  hotel  management  that  this  difficulty  would  be 
remedied  if  we  remained  in  the  lower  lobby. 

2.  The  advantage  of  proximity  to  the  cafeteria  which  is  afforded  by  the 
lower  lobby  location  and  the  difficulty  of  working  out  any  satisfactory  method 
to  provide  lunches  on  the  third  floor. 

3.  The  disadvantage  of  bringing  strangers  and  visitors  into  the  com¬ 
bined  office  and  workroom  as  against  the  advantage  of  giving  them  their 
introduction  to  the  Society  through  the  more  attractive  clubroom. 

4.  The  large  added  expense  involved  if  adequate  quarters  were  chosen 
on  the  third  floor. 

After  a  number  of  committee  meetings  and  several  joint  sessions  with 
the  Board  of  Direction  in  special  meetings,  at  which  all  of  the  various  phases 
of  the  matter  were  discussed,  it  was  decided  to  remain  in  the  lower  lobby,  to 
relinquish  the  former  office  and  coatroom  and  to  accept  the  present  arrange¬ 
ment  of  rooms  with  the  committee  room,  coatroom,  general  office  and  Secre¬ 
tary’s  room  adjoining  the  clubroom  on  the  Grant  street  side,  and  a  five-year 
lease  was  signed. 

The  new  scheme  has  worked  out  very  satisfactorily,  although  the  hotel 
management  is  still  endeavoring  to  improve  the  ventilation  of  the  clubroom. 
The  office  furniture  which  had  been  in  use  approximately  twenty  years  and 
was  about  worn  out  was  replaced  by  new  furniture,  upon  the  authorization 
of  the  Board  of  Direction. 

Respectfully  submitted, 

V.  R.  Covell,  Chairman. 


REPORT  OF  MEMBERSHIP  COMMITTEE 

To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

The  Membership  Committee  held  ten  meetings  during  the  past  year  for 
the  transaction  of  its  regular  business. 

One  hundred  and  one  new  members  were  elected  during  the  year.  The 
membership  as  of  December  31,  1929,  was  1651,  divided  as  follows: 


Honorary  Members  .  1 

Members  .  1303 

Associate  Members  .  183 

Associates  .  84 

Juniors  .  71 

Student  Juniors  . 9 


1651 

Changes  during  the  year  were  as  follows: 


Dropped  .  60 

Resignations  .  87 

Deaths  .  10 

Accessions  .  109 
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It  seems  doubtful  whether  the  members  in  general  are  accomplishing  as 
much  as  they  could  in  the  way  of  assisting  the  Membership  Committee  in 
increasing  the  number  of  eligible  members.  I'here  are  undoubtedly  a  large 
number  of  engineers  in  the  Pittsburgh  district  eligible  for  membership  who, 
if  they  knew  of  their  eligibility  and  of  the  advantages  of  the  Society,  would 
be  very  much  pleased  to  become  affiliated  with  the  Society.  While  the  mem¬ 
bership  has  been  growing  at  a  fairly  satisfactory  rate,  the  number  could 
easily  be  increased  to  or  above  2000  by  very  little  effort  upon  the  part  of  the 
present  members.  I  trust  that  the  members  in  general  will  recognize  the 
possibilities  and  value  of  their  co-operation  with  the  new  Membership  Com¬ 
mittee. 

Thanks  are  extended  to  the  members  of  this  Committee  for  their  splendid 
assistance  and  co-operation. 

Respectfullv  submitted, 

W.  L.  Affelder,  Chairman. 


REPORT  OF  PUBLICATION  COMMITTEE 

To  the  Board  of  Direction, 

Engineers'  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

The  Publication  Committee  submits  the  following  report  of  its  activities 
for  the  past  year: 

Meetings  were  held  at  various  times  by  this  Committee  to  discuss  and 
arrange  programs  for  the  various  meetings  of  the  Society  during  the  year. 

In  view  of  the  fact  that  various  Section  meetings  devoted  the  time  to 
technical  subjects  of  interest  to  those  engineers  associated  with  the  various 
Sections,  it  was  thought  desirable  to  devote  the  time  at  monthly  meetings 
to  something  more  general  so  as  not  to  overlap  the  work  of  the  Sections,  and 
with  the  view  of  making  the  meetings  of  greater  interest,  for  good  fellowship 
and  for  enlarging  on  the  fraternal  spirit  of  the  Society.  If  this  is  not  what 
the  Society  wants,  and  is  not  of  interest,  of  course,  to  maintain  and  operate 
lecture  courses,  we  require  the  patronage  of  the  Society,  which  we  hope  will 
be  forthcoming. 

We  have  had  quite  a  number  of  fine  lectures,  and  hope  to  have  >oine 
unsually  good  speakers  during  the  coming  season,  your  especial  attention 
being  invited  to  the  following  lectures: 


Count  Felix  Von  Luckner . January  23 

Low’ell  Thomas  . February 

Arthur  G.  Pillsbury . March 


It  is  hoped  that  those  who  do  not  have  season  tickets  will  avail  them¬ 
selves  of  the  opportunity  and  patronize  these  lecture  courses. 

Respectfully  submitted, 

L.  C.  Edgar,  Chairman. 
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REPORT  OF  TREASURER 

To  the  Board  of  Direction, 

Engineers'  Society  of  IV estern  Pennsylvania. 

Dear  Sirs: 

\our  Treasurer  desires  to  submit  the  following  report  for  the  year  1929: 


Receipts 

Dues  Collected  . . . 

Entrance  Fees  . 

Advertising — Proceedings  . 

Sale  of  Proceedings  . 

Sale  of  Reprints . 

Sale  of  Society  Pins . 

Interest  from  Bonds . 

Interest  on  Bank  Balances . 

Receipts  from  Banquet  . 

Receipts  from  Open  House  Party . 

Receipts  from  Bridge  Party . 

Receipts  from  Boat  Excursion  . 

Receipts  from  Golf  Tournament  . 

Receipts  from  Hallowe'en  Party  . 

All-Day  Conferences — Luncheons . 

Enrollment  and  Tickets — Lecture  Course . 

Refunds  on  Cuts  for  Proceedings . 

Sale  of  Office  Furniture . 

Miscellaneous  . 

Total  Receipts  . 


$18,712.11 

830.00 

4,341.02 

239.75 
301.14 

63.00 

1,120.00 

154.10 

7,119.00 

542.50 
198.00 
341.00 

1,162.58 

282.50 

271.75 
860.00 

74.99 

39.50 

6.47 

- $36,659.41 


Disbursements 

Administrative  and  General  . $18,958.45 

Cost  of  Magazine  Proceedings .  4,394.71 

Furniture  and  Fixtures .  429.60 

Election  Night  Party,  1928 .  62.50 

Open  House  Party .  897.45 

Bridge  Party  .  271.05 

Boat  Excursion  . 620.58 

Hallowe’en  Party  .  621.82 

Golf  Tournaments  .  1,530.08 

Sundry  Other  Entertainment  .  1,500.69 

Sectional  Expense  .  2,391.88 

Annual  Banquet,  1929  .  6,215.50 

Annual  Banquet,  1930  .  255.55 

Total  Expenditures  . .  38,149.86 


Excess  of  Expenditures  Over  Receipts . $  1,490.45 

Cash  Assets 

- December  31 - 

1928  1929 

Permanent  Fund  (Bonds)  . $21,885.00  $21,200.00 

General  Fund — Cash  (First  National  Bank) .  1,313.70  305.40 

Reserve  Fund — Cash  (Fidelity  Title  &  Trust  Co.) .  2,500.00  . 

Permanent  Fund  .  825.51  1,743.36 


Totals . . . $26,524.21  $23,248.76 
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Bond  Investments 

Two  Connellsville  Water  Co.  5  per  cent.,  40-year  Gold  Bonds, 

Nos.  317-1S,  maturing  October  1,  1839 . $  1,800.00 

Three  Follansbee  Bros.  Co.  1st  Mtge.,  5  per  cent.  SF  Gold  Bonds, 

Nos.  788-9-90,  maturing  June  1,  1947 .  2,880.00 

Two  Jamison  Coal  &  Coke  Co.  1st  Mtge.,  5  per  cent.  SF  Gold 

Bonds,  Nos.  1502-3,  maturing  May  1,  1931 .  1.960.00 

Three  Jones  &  Laughlin  Steel  Co.  1st  Mtge.,  30-year,  5  per  cent. 

Gold  Bonds,  Nos.  3020-1-2,  maturing  May  1,  1939 .  3,060.00 

Two  Portsmouth,  Berkeley  &  Suffolk  Water  Co.  40-year  Gold 
Mtge.  Bonds,  5  per  cent.,  Nos.  465  and  466,  maturing  November 

1,  1944  .  1,900.00 

Two  Shell  Pipe  Line  Corp.  25-year  SF  Gold  Debenture  Bonds,  5  per 

cent.,  Nos.  9721-24129,  maturing  November  1,  1952 .  1,860.00 

Four  Spang,  Chalfant  &  Co.  1st  Mtge.  SF  Gold  Bonds,  5  per  cent., 

Nos.  4593-4-1596-1600,  maturing  January  1,  1948 .  3,740.00 

Four  Wheeling  Steel  Corp.  1st  Refg.  SF  Mtge.  Bonds,  5^4  per  cent., 

Nos.  8518-9  and  533-4,  maturing  July  1,  1948 .  4,000.00 

Total . $21,200.00 


REPORT  OF  CIVIL  SECTION 

To  the  Board  of  Direction, 

Engineers'  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

I  wish  to  submit  a  report  of  the  work  done  by  the  Civil  Section  during 
the  year  1929. 

Six  meetings  of  the  Section  were  held,  one  being  the  annual  meeting 
and  one  an  all-day  conference.  The  average  attendance  was  114,  the  maxi¬ 
mum  being  at  the  May  7th  meeting,  with  an  attendance  of  160,  and  the 
minimum  at  the  March  5th  meeting,  with  an  attendance  of  54.  The  average 
number  discussing  papers  was  15. 

January  8 — Annual  meeting.  “Precast  Concrete  Piles  and  Special  Equip¬ 
ment  for  Handling  and  Placing,”  Maxwell  M.  Upson,  Vice  President  ami 
General  Manager,  Raymond  Concrete  Pile  Co.,  New  York,  N.  Y.  “The  Im¬ 
portance  of  River  Terminals  and  Docking  Facilities  in  the  Development  of 
River  Transportation.”  E.  K.  Morse,  Consulting  Engineer,  Pittsburgh. 

March  5 — ‘‘Construction  of  Concrete  Reservoirs,  with  Special  Reference 
to  Foundation  Work  in  .Abandoned  Mines,”  R.  \1.  Riegel,  Departmental 
Designing  Engineer,  Department  of  Public  Works,  City  of  Pittsburgh,  and 
G.  L.  Hendrickson,  Designing  Engineer,  Bureau  of  Water,  Department  of 
Public  Works,  City  of  Pittsburgh. 

May  7 — “‘Highway  Construction,”  Samuel  Eckels,  Chief  Engineer,  De¬ 
partment  of  Highways,  Harrisburg,  Pa. 

November  15 — ‘‘Recent  Practice  in  Bridge  Construction,  with  Special 
Reference  to  the  Use  of  Higher  Stresses,”  John  L.  Harrington,  Harrington  & 
Cortelyou,  Consulting  Engineers,  1004  Baltimore  Ave.,  Kansas  City,  Mu. 
“Application  of  Soil  Mechanics  to  Foundation  Design,”  Dr.  Glennon  Gilboy, 
Assistant  Professor  of  Soil  Mechanics,  Massachusetts  Institute  of  Technology, 
Cambridge,  Mass.  “Bridge  Architecture,”  Wilbur  J.  Watson,  Engineer, 
Wilbur  Watson  and  Associates,  4614  Prospect  Ave.,  Cleveland,  Ohio. 

Respectfully  submitted, 

J.  F.  Laboon,  Chairman. 
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REPORT  OF  ELECTRICAL  SECTION 

To  the  Board  of  Direction , 

Engineers’  Society  of  IVestern  Pennsylvania. 

Dear  Sirs: 

I  wish  to  report  on  the  work  done  by  the  Electrical  Section  during  the 
year  1929,  as  follows: 

Seven  meetings  were  held  during  the  year,  with  a  total  attendance  of 
3000,  the  maximum  being  425  at  the  November  19th  meeting,  and  the  mini¬ 
mum  at  the  December  12th  meeting,  with  attendance  of  140.  A  general 
discussion  followed  the  presentation  of  all  papers.  The  following  papers 
were  presented  at  meetings: 

January  8 — Mid-winter  dinner  meeting-student  conference.  ‘‘How  the 
Institute  Can  Be  of  Greater  Service,”  Prof.  H.  E.  Dyche,  University  of  Pitts¬ 
burgh,  Pittsburgh. 

February  12 — “The  Extinction  of  an  Alternating  Current  Arc.”  Joseph 
Slepian,  Consulting  Engineer,  Westinghouse  Electric  &  Manufacturing  Co., 
East  Pittsburgh,  Pa. 

March  12 — Annual  meeting.  “Long-Distance  Toll  Cable  Transmission,” 
J.  A.  Cadwallader,  Engineer  of  Transmission  and  Outside  Plant,  Bell  Tele¬ 
phone  Co.  of  Pennsylvania,  Pittsburgh. 

April  13 — Inspection  trip  to  West  Penn  Power  Co.,  Lake  Lynn  Hydro- 
Electric  Generating  Station,  Lake  Lynn,  Pa. 

May  21 — Annual  dinner  and  dance.  “Miracles  of  Science,”  H.  C.  White, 
Edison  Lamp  Works,  General  Electric  Co. 

September  18 — Inspection  trip  to  Bell  Telephone  Equipment  Building,  416 
Seventh  Ave.,  Pittsburgh. 

October  15 — “Making  Sound  Visible  and  Light  Audible,”  John  B.  Taylor, 
Consulting  Engineer,  Central  Station  Department,  General  Electric  Co.,  Sche¬ 
nectady,  N.  Y. 

November  19 — “What's  Coming  in  Aviation,''  W.  B.  Stout,  President, 
Stout  Metal  Airplane  Co.  Division,  Ford  Motor  Co.,  Dearborn,  Mich. 

December  12 — ‘“Latest  Developments  in  Supervisory  Control,”  R.  J. 
Wensley,  Westinghouse  Electric  &  Manufacturing  Co.,  Mansfield,  Ohio. 

Respectfully  submitted, 

J.  I.  Alexander,  C  hair  man. 


REPORT  OF  ILLUMINATING  ENGINEERS'  SECTION 

To  the  Board  of  Direction, 

Engineers’  Society  of  IVestern  Pennsylvania. 

Dear  Sirs: 

The  Illuminating  Engineers’  Section  of  this  Society  has  the  following 
report  to  make  of  the  work  done  during  the  year  1929: 

Four  technical  meetings  of  the  Section  were  held  jointly  with  the  Pitts¬ 
burgh  Chapter  of  the  Illuminating  Engineering  Society. 

On  January  21,  John  A.  Hoeveler,  Manager,  Engineering  Department, 
Pittsburgh  Reflector  Co.,  Pittsburgh,  discussed  the  matter  of  “Mobile  Color 
Lighting.”  The  use  of  color,  in  particular  changing  color,  in  the  show  win¬ 
dows  and  on  the  exterior  of  buildings,  is  recognized  as  an  advertising 
medium  of  great  potentiality.  The  incandescent  lamp,  together  with  modern 
reflectors  of  the  projector  type  and  color  filtering  media,  as  well  as  the 
newdy  developed  electrical  control  equipment,  makes  possible  some  remark¬ 
able  achievements  in  the  application  of  colored  lighting. 

On  March  19,  Dr.  C.  H.  Robinsteen,  of  the  Homeopathic  Hospital,  Pitts¬ 
burgh,  gave  a  paper  on  the  subject,  “Ultra-Violet  Light.”  When  it  is  realized 
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that  people  are  denied  the  benefits  of  the  healthful  ultra-violet  radiant  energy 
received  from  the  sun  for  a  good  many  months  during  the  winter,  it  will  be 
appreciated  that  a  study  of  artificial  methods  of  supplying  ultra-violet  light 
and  its  value  as  a  substitute  for  sunlight  is  a  matter  of  wide-spread  interest 
and  very  great  importance  to  the  maintenance  of  health. 

On  September  16,  Mr.  H.  L.  Johnston,  Director  of  Industrial  and  Com¬ 
mercial  Lighting,  Duquesne  Light  Co.,  Pittsburgh,  gave  a  paper  on  the 
subject,  “Light’s  Golden  Jubilee.”  I  his  was  a  timely  paper,  coining  just  one 
week  before  the  nation-wide  celebration  of  this  epoch-making  event,  in  which 
Pittsburgh  participated  on  a  magnificent  scale. 

On  December  16,  Mr.  Frank  K.  Moss,  Physicist,  Lighting  Research  Lab¬ 
oratory,  Nela  Park,  Cleveland,  Ohio,  gave  a  paper  on  the  subject,  “The  New 
Science  of  Seeing."  Seeing  is  the  result  of  a  partnership  of  lighting  and 
vision.  Extensive  though  incomplete  knowledge  is  available  pertaining  to  the 
eyes  and  to  the  visual  sense.  The  optical  profession  deals  with  this  partner 
which,  by  means  of  lenses,  if  necessary,  is  best  fitted  for  its  work.  Lighting 
is  a  relatively  new  art  in  whose  accomplishments  the  lighting  profession  can 
take  justifiable  pride.  However,  relatively  little  has  been  accomplished  in 
the  development  of  the  partnership  of  lighting  and  vision  which  results  in 
seeing.  Since  artificial  light  has  become  highly  controllable  in  quality,  quan¬ 
tity  and  distribution,  we  have  the  need  of  ami  opportunity  to  develop  a  new 
science,  seeing.  Mr.  Moss  presented  systematized  glimpses  of  the  results  of 
scientific  investigation,  aiming  to  show  that  this  new  science  of  seeing  is  in 
the  making.  Upon  a  foundation  of  this  new  science  the  seeing  specialist  has 
an  opportunity  to  develop  and  to  serve  the  work  world,  so  that  human  beings 
may  conserve  and  utilize  their  resources  to  the  best  advantage  of  themselves 
and  of  civilization. 

Respectfully  submitted, 

John  A.  Hoeveler,  Chairman. 


REPORT  OF  MECHANICAL  SECTION 

To  the  Board  of  Direction, 

Engineers ’  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

I  wish  to  submit  herewith  report  of  the  Mechanical  Section  of  the  work 
done  during  the  year  1929,  as  follows: 

Two  meetings  of  the  Section  wrere  held,  one  being  the  annual  meeting 
and  the  other  being  an  all-day  conference,  with  an  average  attendance  of 
57  and  a  maximum  attendance  of  135,  at  the  all-dav  conference  on  October  1. 
All  meetings  were  held  jointly  with  the  Pittsburgh  Section  of  the  A.  S.  M.  E. 
The  following  papers  were  presented: 

February  1-1 — Annual  meeting.  “Mechanical  Equipment  for  the  Davison 
Coke  &  Iron  Co.  at  Neville  Island,”  G.  E.  Dignan,  Chief  Engineer,  Davison 
Coke  &  Iron  Co.,  Neville  Island,  Pittsburgh. 

October  1 — All-day  conference.  “Industrial  Power,”  J.  H.  Lawrence, 
President,  Thomas  E.  Murray,  Inc.,  88  Lexington  Ave.,  New  York.  “Indus¬ 
trial  Power  from  the  Executive’s  Standpoint,”  J.  C.  Hobbs,  Superintendent  of 
Power,  Diamond  Alkali  Co.,  Painesville,  Ohio.  “Trend  in  Design  and  Oper¬ 
ation  of  Industrial  Plants,  with  Special  Reference  to  Size  of  Furnaces, 
Henry  Kreisinger,  Combustion  Engineering  Corp.,  New  York,  N.  Y.  “Some 
Economic  Fallacies  on  Isolated  Plant  Cost  Analysis,”  F.  M.  Van  Deventer, 
Mechanical  Engineer,  H.  L.  Doherty  &  Co.,  New  York,  N.  Y. 

Respectfully  submitted, 

Chas.  A.  Carpenter,  Chairman. 
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REPORT  OF  MINING  SECTION 

To  the  Hoard  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

I  wish  to  submit  herewith  report  of  the  Mining  Section  of  the  work  done 
during  the  year  1929,  as  follows: 

1'hree  meetings  of  the  Section  were  held,  one  being  the  annual  meeting, 
one  an  all-day  conference,  and  the  other  an  evening  meeting.  There  was  an 
average  attendance  of  75,  the  maximum  being  at  the  all-day  conference  on 
November  26,  with  an  attendance  of  215,  and  the  minimum  at  the  annual 
meeting,  February  25,  with  an  attendance  of  69.  The  average  number  dis¬ 
cussing  the  papers  was  15.  I'he  following  papers  were  presented: 

February  25 — Annual  meeting.  “Oil  Sand  Mining  as  Practiced  in  France 
and  Germany,”  George  S.  Rice,  Chief  Mining  Engineer,  U.  S.  Bureau  of 
Mines,  Washington,  D.  C. 

October  7 — Bi-monthiv  meeting.  “The  Coal  Areas  of  Alaska  and  West¬ 
ern  Canada,”  George  Watkin  Evans,  Consulting  Coal  Mining  Engineer, 
Seattle,  Wash. 

November  26 — All-day  conference.  Papers  were  presented  by  the  follow¬ 
ing:  H.  N.  Eavenson,  Consulting  Engineer,  Pittsburgh;  M.  D.  Cooper, 
Division  General  Superintendent,  Hillman  Coal  &  Coke  Co.,  Pittsburgh;  H. 
E.  Mason,  Superintendent,  H.  C.  Frick  Coke  Co.,  Pittsburgh;  H.  M.  White, 
Manager  of  Mines,  Pittsburgh  Coal  Co.,  Pittsburgh;  J.  C.  White,  Production 
Engineer,  Pittsburgh  Coal  Co.,  Pittsburgh;  E.  J.  Weimer,  Superintendent, 
Butler  Consolidated  Coal  Co.,  Butler,  Pa.;  L.  H.  Schnerr,  Division  Manager, 
The  Consolidation  Coal  Co.,  Pennsylvania  Division,  Fairmont,  W.  Va. ;  E. 
A.  Siemon,  Division  General  Superintendent,  Hillman  Coal  &  Coke  Co., 
Pittsburgh;  G.  B.  Southward,  Mechanization  Engineer,  The  American  Min¬ 
ing  Congress,  Washington,  D.  C. ;  T.  F.  McCarthy,  Assistant  General 
Superintendent,  Clearfield  Bituminous  Coal  Corp.,  Indiana,  Pa.;  Fred  Nor¬ 
man,  Chief  Engineer,  Allegheny  River  Mining  Co.,  Kittanning,  Pa.;  J.  A. 
Saxe,  Chief  Engineer,  Ellsworth  Collieries  Co.,  Ellsworth,  Pa. 

Respectfully  submitted, 

L.  E.  Young,  C  hair  man. 


REPORT  OF  STEEL  WORKS  SECTION 

To  the  Board  of  Direction, 

Engineers’  Society  of  W e stern  Pennsylvania. 

Dear  Sirs: 

I  wish  to  submit  herewith  report  of  the  Steel  Works  Section  of  the  work 
done  during  the  year  1929,  as  follows: 

Two  meetings  of  the  Section  were  held  during  the  year,  one  being  the 
annual  meeting.  The  average  attendance  was  50,  the  maximum  attendance 
107,  at  the  January  29  meeting,  and  the  minimum,  35,  at  the  all-day  con¬ 
ference  on  October  28.  The  average  number  discussing  the  papers  was  10. 
The  following  papers  were  presented: 

January  29 — Annual  meeting.  “Purchasing  Public  Utility  Energy  for 
Industrial  Use,”  W.  B.  Skinkle,  Engineer,  Pittsburgh  District  Power  Com¬ 
mittee,  Subsidiary  Companies  of  U.  S.  Steel  Corp.,  Pittsburgh. 

October  28 — All-day  conference.  “Steel-Plant  Costs  from  the  Standpoint 
of  the  Auditor,”  W.  H.  Dupka,  Controller,  Jones  &  Laughlin  Steel  Corp., 
Pittsburgh.  “The  Cost-Sheets  and  Their  Relation  to  Engineering  Economics," 
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W.  B.  Skinkle,  Engineer,  Pittsburgh  District  Power  Committee.  “Steel-Plant 
Operating  Budgets,”  L.  C.  Edgar,  Chief  Engineer,  Edgar  Thomson  Works, 
Carnegie  Steel  Co.,  Braddock,  Pa. 

Respectfully  submitted, 

B.  R.  Shovf.r,  Chairman. 


REPORT  OF  TELLERS 

To  the  Members  of 

Engineers'  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

In  accordance  with  Section  IX,  Article  V,  of  the  By-Laws  of  our  Society, 
your  tellers,  appointed  by  the  President,  publicly  canvassed  the  ballot'  in  the 
election  of  officers  at  noon,  Tuesday,  January  14,  1930,  and  wish  to  report 
as  follows : 

Total  ballots  counted — 163. 


For 

President  . 

. W.  L.  Affelder 

460 

For 

Vice  President . 

. F.  R.  Phillips 

459 

For 

Treasurer  . 

462 

For 

Directors . 

\  J.  F.  Laboon 
(  F.  F.  Schauer 

457 

459 

Respectfully  submitted, 

William  Shaw,  Chairman , 
W.  C.  Buell,  Jr., 

W.  F.  Sandville, 

T  ellers. 


Fhe  President  thereupon  declared  the  following  gentlemen  elected: 

President  . W.  L.  AffeJder 

Vice  President . F.  R.  Phillips 

Treasurer  . A.  Stucki 

~  j  J.  F.  Laboon 

(  r.  r.  Schauer 


PROCEEDINGS  ENGINEERS'  SOCIETY  OF  WESTERN  PENNA. 


[Mar. 


12 


ANNUAL  MEETING— CIVIL  SECTION 


January  7,  1930 

The  annual  meeting  of  the  Civil  Section  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  -Blue  Room,  William  Penn  Hotel, 
Tuesday  evening,  January  7,  at  8:15  o’clock,  Chairman  J.  F.  Laboon  presid¬ 
ing,  43  members  and  visitors  being  present. 

l  he  minutes  of  the  last  annual  meeting,  held  January  8,  1929,  were  read 
and  approved. 

The  report  of  the  Nominating  Committee  was  presented  as  follows: 


Chairman  . 

Vice  Chairman 


Directors 


. E.  E.  Lanpher 

. C.  N.  Haggart 

L.  B.  Duff 
C.  K.  Harvey 
-j  Jonathan  Jones 
F.  S.  Merrill 
L.  J.  Riegler 


Respectfully  submitted, 

R.  P.  Forsberg,  Chairman, 

C.  S.  Davis, 

R.  M.  Riegel, 

Nominating  Committee. 


On  motion,  nominations  were  closed  and  the  Secretary  was  requested 
to  cast  a  unanimous  ballot  for  the  nominees,  who  were  thereupon  declared 
elected. 

Due  to  the  absence  of  the  Chairman-elect,  Vice  Chairman  C.  N.  Haggart 
took  the  chair. 

The  address  of  the  retiring  Chairman,  J.  F.  Laboon,  on  “Sewage  Dis¬ 
posal  and  Garbage  Incineration  for  Greenville,  Pa.”  was  then  presented,  and 
the  ensuing  discussion  was  participated  in  by  the  following: 

R.  G.  Bauer,  Koppers  Bldg.,  Pittsburgh;  L.  P.  Blum,  Blum,  Weldin 
&  Co.,  Pittsburgh;  C.  N.  Haggart,  335  Fifth  Ave.,  Pittsburgh;  V.  R.  Coveil, 
519  Smithfield  St.,  Pittsburgh;  J.  F.  Laboon,  813  Clark  Bldg.,  Pittsburgh;  P. 
J.  Freeman,  519  Smithfield  St.,  Pittsburgh;  C.  A.  Keelan,  725  Grant  Bldg., 
Pittsburgh;  W.  L.  Keller,  The  Koppers  Co.,  Pittsburgh;  P.  S.  Wickerham, 
Butler,  Pa. 

The  meeting  adjourned  at  10  P.  M. 


K.  F.  Treschovv,  Secretary. 
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ANNUAL  MEETING— MINING  SECTION 

January  28,  1930 

The  annual  meeting  of  the  Mining  Section  of  the  Engineers’  Societv  of 
Western  Pennsylvania  was  held  in  the  Blue  Room,  William  Penn  Hotel, 
Tuesday  evening,  January  28,  at  8  o’clock,  Chairman  G.  F.  Osier  presiding, 
58  members  and  visitors  being  present. 

The  minutes  of  the  last  meeting,  held  February  25,  1929,  were  read  and 
approved. 

The  report  of  the  Nominating  Committee  was  presented  as  follows: 

To  Members  of  Mining  Section, 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs: 

In  accordance  with  the  By-Laws  of  the  Section,  your  Nomi¬ 
nating  Committee,  appointed  by  the  Chairman,  met  January  23,  and 
respectfully  submits  the  following  members  as  nominees  for  the 
offices  of  the  Section  for  the  coming  year: 

G.  F.  Osier . Chairman 

. Vice  Chairman 

f  R.  M.  Black 
I  Joseph  Bryan 

. -j  M.  D.  Cooper 

T.  B.  Sturges 
{  J.  C.  White 

Respectfully  submitted, 

L.  O.  Lougee,  Chairman, 

C.  E.  Lesher, 

W.  E.  Fohl, 

Nominating  Committee. 

On  motion,  the  nominations  were  closed  and  the  Secretary  instructed  to 
cast  a  unanimous  ballot  for  the  officers  named,  who  were  thereupon  declared 

elected. 

No  further  business  coming  before  the  Section,  the  paper  of  the  evening, 
on  “Coal-Loading  Machines  and  Their  Development,”  was  presented  by  the 
retiring  Chairman,  Mr.  L.  E.  Young. 

The  following  participated  in  the  discussion:  J.  W.  Paul,  Mining  Engi¬ 
neer,  U.  S.  Bureau  of  Mines,  4800  Forbes  St.,  Pittsburgh;  E.  A.  Holbrook, 
Dean,  School  of  Engineering,  University  of  Pittsburgh,  Pittsburgh;  E.  B. 
Gellatly,  Proprietor,  E.  B.  Gellatly  &  Co.,  Inc.,  Oliver  Bldg.,  Pittsburgh; 
G.  F.  Osier,  President,  Chartiers  Creek  Coal  Co.,  218  Pike  St.,  Canonsburg, 
Pa.;  Arthur  Neale,  Mining  Engineer,  198  West  Prospect  Ave.,  Crafton,  Pa.; 
W.  L.  Affelder,  Hillman  Coal  &  Coke  Co.,  Pittsburgh. 

A  vote  of  thanks  was  extended  to  Mr.  Young  for  his  interesting  and 
instructive  paper. 

The  meeting  adjourned  at  10:10  P.  M. 


J.  F.  Robinson 


Directors 


K.  F.  Treschow,  Set  ret  ary. 
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ANNUAL  MEETING— MECHANICAL  SECTION 


February  11,  1930 

The  annual  meeting  of  the  Mechanical  Section  of  the  Engineers’  Society 
of  Western  Pennsylvania  was  held  Tuesday  evening,  February  11,  at  8:30 
o’clock,  in  the  Cardinal  Room  of  the  William  Penn  Hotel,  Chairman  C.  A. 
Carpenter  presiding,  with  44  members  and  visitors  being  present. 

The  minutes  of  the  last  annual  meeting,  held  February  14,  1929,  were 
read  and  approved. 

The  report  of  the  Nominating  Committee  was  read  by  the  Chairman,  as 
follows : 


To  Members  and  Officers  of  Mechanical  Section, 

Engineers’  Society  of  IV estern  Pennsylvania. 

Dear  Sirs: 

In  accordance  with  the  By-Laws  of  the  Section,  your  Nominating 
Committee,  appointed  by  the  Chairman,  has  met  and  submits  the 
following  members  as  nominees  for  the  offices  of  the  Section  for  the 
coming  year : 


Chairman  . 

Vice  Chairman 

Directors . 


. W.  P.  Chandler,  Jr. 

. W.  N.  Flanagan 

R.  N.  Overton 
T.  E.  Purcell 

. <  H.  M.  Hallett 

R.  E.  Butler 
[  J.  F.  Kroske 

Respectfully  submitted, 

William  Shaw,  Chairman, 

R.  E.  Butler, 

J.  S.  Fulton, 

N  ominating  Committee. 


On  motion,  the  nominations  were  closed  and  the  Secretary  instructed  to 
cast  a  unanimous  ballot  in  favor  of  the  officers  named,  who  were  thereupon 
declared  elected. 

Vice  Chairman  W.  N.  Flanagan  then  took  the  chair. 

No  further  business  coming  before  the  Section,  an  address  by  the  retiring 
Chairman,  C.  A.  Carpenter,  was  presented,  on  “Application  of  Centrifugal 
Fans.” 

The  ensuing  discussion  was  participated  in  by  the  following:  W.  N. 
Flanagan,  Special  Engineer,  Carnegie  Steel  Co.,  Pittsburgh;  L.  R.  Robinson, 
Partner,  Robinson  Bros.  Co.,  Zelienople,  Pa.;  R.  R.  Robinson,  Partner,  Rob¬ 
inson  Bros.  Co.,  Zelienople,  Pa.;  C.  A.  Carpenter,  Hydraulic  Press  Mfg.  Co., 
Mt.  Gilead,  Ohio;  H.  A.  Lopez,  Engineer,  B.  F.  Sturtevant  Co.,  Park  Bldg., 
Pittsburgh;  D.  E.  Cutler,  Compressor  Specialist,  General  Electric  Co.,  Oliver 
Bldg.,  Pittsburgh;  C.  W.  Daubert,  Engineer,  American  Sheet  &  Tin  Plate 
Co.,  Frick  Bldg.,  Pittsburgh;  J.  F.  Barnes,  Assistant  Secretary,  Eljer  Co.,  Ford 
City,  Pa.;  J.  A.  Graham,  Superintendent  Buildings  and  Grounds,  Shady  Side 
Academy,  Aspinwall,  Pittsburgh. 

The  meeting  adjourned  at  10:50  P.  M. 


K.  F.  Treschow,  Secretary. 
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ANNUAL  MEETING 

ILLUMINATING  ENGINEERS’  SECTION 

February  17,  1930 

The  annual  meeting  of  the  Illuminating  Engineer*"  Section  \Na*  held  in 
the  Blue  Room  of  the  William  Penn  Hotel,  Monday  evening,  Februaiy  17,  at 
8:30  o'clock,  Mr.  II.  L.  Johnston  presiding,  with  44  member"  and  vi"itor* 
being  present. 

The  minutes  of  the  last  meeting,  held  March  19,  1929,  were  real  and 

approved. 

The  annual  report  of  the  Section  was  presented  by  the  Secretary. 

The  report  of  the  Nominating  Committee  was  presented  a"  follow": 


. Chairman 

Vice  Chairman 

. Directors 


Respectfully  submitted, 

J.  I.  Alexander,  Chairman, 

F.  W.  Loomis, 

E.  S.  Simons, 

Nominating  Committee. 

On  motion,  duly  seconded  and  carried,  the  nominations  were  closed  and 
the  Secretary  instructed  to  cast  a  unanimous  ballot  of  the  members  present 
in  favor  of  the  election  of  the  gentlemen  nominated,  and  they  were  therefore 
declared  elected. 

No  further  business  coming  before  the  meeting,  the  paper  of  the  evening, 
on  “Illumination  for  Sports,”  was  presented  by  Mr.  J.  A.  Summers,  Edison 
Lamp  Works,  Engineering  Department,  Harrison,  N.  J.  After  a  brief  di*- 
cussion  of  the  paper,  a  vote  of  thanks  was  tendered  the  speaker  for  hi"  very 
interesting  paper. 

The  meeting  adjourned  at  10:45  P.  M. 


J.  A.  Hoeveler  ... 
J.  S.  Schuchert.... 

W.  H.  Horton  ' 
L.  M.  Riddle 
J.  P.  Warner 
H.  L.  Johnston 
J.  H.  Van  Es 


K..  F.  I  reschow,  Secretary. 
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ANNUAL  MEETING— STEEL  WORKS  SECTION 

February  25,  1930 

Ihe  annual  meeting;  of  the  Steel  Works  Section  of  the  Engineers’  Society 
of  Western  Pennsylvania  was  held  in  the  Blue  Room  of  the  William  Penn 
Hotel,  Tuesday  evening,  February  25,  at  8  o’clock,  Chairman  B.  R.  Shover 
presiding,  48  members  and  guests  being  present. 

Fhe  minutes  of  the  last  annual  meeting,  held  January  29,  1929,  were  read 
and  approved. 

I'he  annual  report  of  the  Chairman  was  submitted. 

I'he  report  of  the  Nominating  Committee  was  presented  by  the  Secretary, 
as  follows: 


S.  S.  Wales  . 

Lauson  Stone  . 

Louis  Ellman 

C.  W.  Daubert 

D.  D.  Pendleton 
J.  B.  Wharton 
William  Whigham 


. Chairman 

Vice  Chairman 


Directors 


Respectfully  submitted, 

W.  B.  Skinkle,  Chairman, 

G.  D.  Bradshaw, 

D.  A.  Polhemus, 

Nominating  Committee. 


On  motion,  the  nominations  were  closed  and  the  Secretary  was  instructed 
to  cast  a  unanimous  ballot  for  the  officers  named,  and  they  were  thereby 
declared  elected.  Chairman-elect  S.  S.  Wales  then  took  the  chair. 

No  further  business  coming  before  the  Section,  the  paper  of  the  evening, 
on  ‘‘Alloy  Steels,”  was  presented  by  Mr.  E.  C.  Smith,  of  the  Central  Alloy 
Steel  Corporation,  Massillon,  Ohio.  Several  participated  in  the  discussion. 

On  motion,  a  vote  of  thanks  was  extended  to  Mr.  Smith  for  his  very 
interesting  paper. 

The  meeting  adjourned  at  10:10  P.  M. 

K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION  MEETING 
February  18,  1930 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engineers' 
Society  of  Western  Pennsylvania  was  held  in  Parlor  19  of  the  William  Penn 
Plotel,  Tuesday,  February  18,  at  12  o’clock,  President  W.  L.  Affelder  pre¬ 
siding,  Messrs.  W.  P.  Chandler,  Jr.,  A.  S.  Davison,  J.  A.  Hunter,  J.  F. 
Laboon,  C.  E.  Lesher,  G.  F.  Osier,  F.  F.  Schauer,  B.  R.  Shover  and  W.  B. 
Skinkle  being  present,  Messrs.  J.  I.  Alexander,  J.  N.  Chester,  L.  C.  Edgar, 
J.  A.  Hoeveler,  T.  J.  McLoughlin,  F.  R.  Phillips,  G.  F.  Siefers  and  A.  Stucki 
being  absent. 

The  minutes  of  the  last  regular  meeting,  held  January  14,  were  approved 
without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board,  were  elected  to  membership: 
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MEMBERS 

Bingham,  William  Charles  Newlon,  John  Hawker 

Judy,  Edward  W.  Osborne,  Raymond  Storms 

Lytle,  William  Orland  Winslow,  George  W. 

ASSOCIATE 

Swem,  George  A. 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows: 

MEMBERS 

Ferree,  Jay  W.  Ladd,  Tallman 

Fulton,  Luther  D.  Leerberg,  Nis 

Guibert,  Oscar  Eugene  Millar,  Roger  A. 

Horton,  W.  H.  Mullin,  John  William 

Hyland,  C.  Webster,  J.  E. 

Williams,  Burdell  Sanford 

ASSOCIATE  MEMBERS 

Beymer,  R.  Alvin  Land,  J.  Stanley 

Bott,  Clarence  C.  Longwill,  Noble  Clayton 

ASSOCIATES 

Davis,  Ross  IrwTin  Nicol,  George  S. 

Fawcett, William  H.  Noble,  Albert  G. 

Applications  for  transfer  to  a  higher  grade  were  received  from  the 
following,  anil  after  discussion  it  was  moved  and  carried  that  they  be  trans¬ 
ferred  to  full  membership:  C.  B.  Downer,  Arthur  Nuernberg  and  P.  L.  Weir. 

An  application  for  reinstatement  was  received  from  Mr.  Sergius  P. 
Grace,  care  Bell  Telephone  Laboratories,  New  York,  and  after  discussion  it 
was  moved  and  carried  that  he  be  reinstated  to  membership. 

The  Secretary  reported  the  following  deaths: 

Jo.  P.  Cappeau,  Jr.  (Assoc.  Member),  1041  Kennedy  Bldg.,  Tulsa, 
Okla.  (Joined  the  Society  January,  1925;  died  January  IS,  1930.) 

J.  M.  Hansen,  1120  Frick  Bldg.,  Pittsburgh.  (Joined  the  Society  Feb¬ 
ruary,  1917;  died  December  13,  1929.) 

E.  E.  Lanpher,  Bureau  of  Water,  City  of  Pittsburgh,  Pittsburgh. 
(Joined  the  Society  July,  1916;  died  January  IS,  1930.) 

Benjamin  Thompson  (Honorary  Member),  Tampa,  Fla.  (Joined 
the  Society  May,  1893;  died  February  5,  1930.) 

The  report  of  the  Secretary,  showing  the  condition  of  the  finances  at  the 
close  of  business,  January,  1930,  having  been  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 

In  connection  with  the  Secretary’s  report,  the  Chairman  of  the  Finance 
Committee  reported  that  the  Finance  Committee  had  been  reorganized  for  the 
year  and  one  meeting  held,  at  which  a  budget  of  expenditures  and  receipts 
was  prepared.  The  following  appointments  on  the  Committee  were  made: 
C.  E.  Lesher,  Chairman,  W.  E.  Fohl,  G.  E.  Dignan  and  Louis  Ellman.  Mr. 
Lesher  then  presented  the  following  estimated  budget  of  expenditures  ami 
receipts,  calling  attention  to  the  fact  that  in  both  cases  the  items  were  based 
on  last  year’s  report  of  actual  expenditures  and  receipts.  Only  one  change, 
concerning  reduction  of  meeting  expense  from  $2900  to  $2400  has  been  made, 
inasmuch  as  last  year’s  actual  meeting  expense  was  $2285,  which  included 
bills  held  over  from  the  year  1928,  amounting  to  about  $800. 
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Provision  has  .also  been  made  for  the  amount  of  $5,280,  covering  refund 
for  deficit  incurred  during  the  year  1929. 

Recommendation  has  also  been  made  by  the  Membership  Committee  that 
a  card  index  of  companies  be  made  up  for  the  purpose  of  assisting  the  Com¬ 
mittee  in  their  work  of  securing  new  members.  The  Secretary  reported  that 
this  work  would  probably  take  two  weeks  to  complete  it. 

Mr.  Lesher  called  attention  to  the  fact  that  it  wouLd  be  advisable  to  set 
aside  $1,000,  in  addition  to  the  above  budget,  ^vhich  amount  could  be  invested 
and  used  for  emergency  purposes,  for  such  time  as  the  year  1929,  or  some 
future  year,  when  the  receipts  reached  the  point  when  they  did  not  meet  the 
expenditures.  It  was  regularly  moved  and  carried  that  the  Finance  Com¬ 
mittee  be  authorized  to  set  aside  this  amount. 

The  Membership  Committee  held  one  meeting  to  go  over  applications 
received  since  the  last  meeting  of  the  Board  and  to  act  on  any  other  business 
coming  before  the  Committee. 

The  suggestion  was  made  that  engraved  invitations  be  sent  to  the  fol¬ 
lowing:  C.  M.  Yohe,  Vice  President,  Pittsburgh  &  Lake  Erie  Railroad,  P.  & 
L.  E.  Terminal  Bldg.,  Pittsburgh,  and  E.  W.  Smith,  Vice  President,  Pennsyl¬ 
vania  Railroad,  Pennsylvania  Station,  Room  909,  Pittsburgh.  After  discus¬ 
sion,  it  was  moved  and  carried  that  the  Secretary  be  instructed  to  send  en¬ 
graved  invitations  to  the  above  gentlemen. 

Mr.  Affelder  called  attention  to  the  possibility  of  securing  new  members 
from  the  attendance  at  the  Annual  Banquet,  stating  that  he  had  gone  over 
the  seating  list  and  found  that  quite  a  large  percentage  of  the  guests  were 
non-members.  He  stated  he  had  already  secured  three  applications  from  this 
source  and  promised  the  Membership  Committee  to  bring  in  ten  additional 
members  before  the  next  meeting.  The  suggestion  was  made  that  possibly 

members  of  the  Board  could  assist  also  by  going  over  the  seating  list  and 

writing  to  those  with  whom  they  are  acquainted  who  are  non-members. 
After  a  general  discussion,  the  Secretary  was  requested  to  send  the  banquet 
seating  list  to  each  member  of  the  Board  of  Direction,  with  the  names  of 
members  checked. 

Mr.  A.  S.  Davison,  Chairman  of  the  Entertainment  Committee,  reported 
the  appointment  of  the  following  men  to  serve  on  this  Committee  for  the 
coming  year,  and  stated  that  an  organization  meeting  had  been  called  for 
next  week:  J.  I.  Alexander,  D.  W.  Allan,  L.  R.  Botsai,  Joseph  Bryan,  T.  C. 

Clifford,  H.  W.  Ewald,  W.  E.  Homer,  H.  E.  Passmore,  Van  A.  Reed,  Jr., 

J.  F.  Robinson,  W.  F.  Sanville  and  W.  B.  Speilmire. 

It  was  regularly  moved  and  carried  that  the  thanks  of  the  Board  of 
Direction  be  extended  to  the  Entertainment  Committee  for  the  excellent  work 
done  in  connection  with  the  Annual  Banquet  of  the  Society. 

The  President  announced  that  in  accordance  with  action  taken  at  the 
last  meeting  of  the  Board,  the  following  Committee  had  been  appointed  to 
take  charge  of  the  program  for  our  Fiftieth  Anniversary  Committee:  George 
S.  Davison,  Chairman,  J.  A.  Hunter,  L.  C.  Edgar,  V.  R.  Covell  and  F.  F. 
Schauer. 

The  Special  Committee  composed  of  C.  E.  Lesher,  A.  S.  Davison  and  the 
Secretary,  which  was  appointed  at  the  last  meeting  of  the  Board,  presented 
the  following  amendment  to  the  By-Laws,  covering  an  increase  in  Life 
Membership: 

“Section  V.  A  Member  or  Associate  Member  not  in  arrears, 

may,  by  the  payment  of  $500.00  at  any  time,  become  a  Life  Member 

and,  therefore,  be  relieved  of  the  payment  of  annual  dues.” 

After  a  general  discussion,  it  was  regularly  moved  and  carried  that  the 
Secretary  be  authorized  to  place  the  matter  before  the  membership  by  letter 
ballot,  in  accordance  with  the  By-Laws. 
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1'he  Secretary  presented  a  letter,  dated  January  29,  1930,  from  Mr.  L. 
\V.  Wallace,  Executive  Secretary,  American  Engineering  Council,  Washing¬ 
ton,  D.  C.,  asking  the  Society  to  lend  its  support  to  the  passing  of  Hills 
S.  3043  and  H.  R.  8299,  authorizing  the  establishment  of  a  National  Hydraulic 
Research  Laboratory  in  the  Bureau  of  Standards.  It  was  regularly  moved 
and  carried  that  this  matter  be  tabled. 

The  Secretary  presented  a  letter,  dated  February  10,  1930,  from  the  Jail 
Removal  Association,  Pittsburgh,  asking  for  an  endorsement  of  their  plan  for 
a  proposed  public  square  on  the  site  of  the  present  jail.  It  was  regularly 
moved  and  carried  that  this  matter  be  tabled. 

The  Secretary  presented  the  following  letter,  dated  January  21,  1930, 
from  Dean  E.  A.  Holbrook,  of  the  University  of  Pittsburgh: 

“Captain  Harry  W.  Hill,  of  the  Regular  Army,  is  Executive 
Officer  of  the  Pittsburgh  Engineering  Procurement  District.  Among 
his  duties  he  has  been  requested  by  the  War  Department  to  organize 
in  this  district  an  Engineers’  Advisory  Committee,  to  be  made  up  of 
executives  of  organizations  in  the  Pittsburgh  industrial  district  which 
have  to  do  with  power,  communication,  fuel  and  other  engineering 
interests.  He  has  asked  that  I  assist  him  in  the  formation  of  this 
committee. 

We  believe  that  the  President  of  the  Engineers’  Society  of  West¬ 
ern  Pennsylvania  should  be  a  member  of  this  Committee.  I'his  of 
course  would  involve  a  new  man  from  time  to  time  as  your  Presi¬ 
dents  change,  but  the  Society'  would  have  in  this  way  continued 
representation  on  the  Committee. 

The  duties  of  the  Committee  are  at  present  nominal,  but  the 
War  Department  has  asked  for  the  formation  of  the  Committee,  so 
that  in  case  of  a  national  emergency  they'  can  have  a  selected  list  of 
executives  in  this  district  in  the  engineering  procurement  work  on 
which  they  may'  call  for  advice  and  assistance. 

If  your  Board  considers  favorably  this  request,  you  will  be  noti¬ 
fied  formally  later  of  your  appointment.” 

After  discussion,  it  was  regularly’  moved  and  carried  that  the  Secretary 
be  authorized  to  notify  Dean  Holbrook  that  the  Society  would  be  very  glad 
to  be  represented  on  this  Committee. 

The  meeting  adjourned  at  2  P.  M. 


K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION  MEETING 
March  18,  1930 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  kngu«- 
Society  of  Western  Pennsylvania  was  held  in  the  King  Albert  Salon,  Wil¬ 
liam  Penn  Hotel,  Tuesday,  March  18th,  at  12:00  o'clock,  Mr.  C.  E.  Le>her 
presiding  in  the  absence  of  the  President  and  Vice  President,  Messers.  J.  I. 
Alexander,  W.  P.  Chandler,  Jr.,  G.  F.  Osier,  F.  F.  Schauer  and  W.  B.  Skinkle 
being  present,  Messrs.  A.  S.  Davison,  J.  N.  Chester,  J.  A.  Hoeveler,  J.  A. 
Hunter,  J.  F.  Laboon,  T.  J.  McLoughlin,  F.  R.  Phillips,  G.  F.  Siefers,  A. 
Stucki  and  S.  S.  Wales  being  absent. 

The  minutes  of  the  last  regular  meeting,  held  February  18,  were  ap¬ 
proved  without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board,  were  elected  to  membership: 


Ferree,  Jay  W. 

Fulton,  Luther  D. 
Guibert,  Oscar  Eugene 
Horton,  W.  H. 

Hyland,  C. 

Ladd,  Tallman 


Beymer,  R.  Alvin 
Bott,  Clarence  C. 

Davis,  Ross  Irwin 
Fawcett,  William  H. 


MEMBERS 

Leerberg,  Nis 
Millar,  Roger  A. 

Mullin,  John  William 
Smith,  E.  W. 

Webster,  J.  E. 

Williams,  Burdell  Sanford 

Yohe,  C.  M. 

ASSOCIATE  MEMBERS 

Land,  J.  Stanley 
Longwill,  Noble  Clayton 

ASSOCIATES 

Nicol,  George  S. 

Noble,  Albert  G. 


Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows: 


MEMBERS 


Behar,  Manoel  Felix 
Cuthbert,  William  R.  Jr. 
Gott,  Estep  Tillard 
Hooper,  Arnold 
Kutchka,  Karl  Gustav 


Mitchell,  H.  L. 

Moyer,  F.  Hughes 
Peden,  John  T. 
Thomas,  P.  C. 
Williams,  Emerson  M. 


Butt,  F.  H. 

Lee,  A.  A. 
MacVean,  Gordon 

Hanson,  W.  B. 


ASSOCIATE  MEMBERS 

Sieffert,  R.  W. 
Taylor,  E.  H. 
Wakefield,  H.  E.  Jr. 

ASSOCIATES 

Lyon,  W.  B.  . 

Rupp,  C.  H. 

JUNIOR 

Tracy,  S.  J. 


An  application  for  transfer  to  a  higher  grade  was  received  from  Mr. 
W.  H.  McRoberts,  Associate  Member,  538  Dawson  Avenue,  Bellevue.  Pa., 
and  after  discussion  it  was  moved  and  carried  that  Mr.  McRoberts  be  trans¬ 
ferred  to  full  membership. 
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The  Secretary  reported  the  following  deaths: 

J.  E.  Bigelow,  804  Union  Bank,  Pittsburgh,  Pa. — Joined  the  Society,  June, 
1923.  Died  1927. 

J.  II.  Graybill,  Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa. — 
Joined  the  Society,  May,  1921.  Died  December  11,  1929. 

J.  M.  Hansen,  Standard  Steel  Car  Co.,  Pittsburgh,  Pa. — Joined  the  Society, 
February,  1917.  Died  December  14,  1929. 

L.  L.  Satler,  Jr.,  Allegheny  Steel  Co.,  Brackenridge,  Pa. — Joined  the  Society, 

April,  1919.  Died  July  25,  1929. 

M.  S.  Verner,  Oakmont,  Pa. — Joined  the  Society,  May,  1865.  Died  March 
21,  1929. 

The  report  of  the  Secretary,  showing  the  condition  of  the  finances  at 
the  close  of  business,  February  28,  having  been  audited  by  the  Finance 
Committee,  was  approved. 

The  Secretary  reported  an  evening  attendance  of  200  during  the  month 
of  February. 

The  Membership  Committee  held  one  meeting  to  go  over  applications 
received  since  the  last  meeting  of  the  Board  and  to  act  on  any  other  busi¬ 
ness  coming  before  the  committee. 

It  was  suggested  that  an  engraved  invitation  be  sent  to  B.  F.  Jones,  III, 
Secretary,  Jones  &  Laughlin  Steel  Corp.,  Pittsburgh,  Pa. 

The  meeting  adjourned  at  2:00  P.  M. 

K.  F.  Treschow, 

Secretary. 

BOARD  OF  DIRECTION  MEETING 
April  15,  1930 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engineers' 
Society  of  Western  Pennsylvania  was  held  in  Parlor  “D,”  William  Penn 
Hotel,  Tuesday,  April  15,  at  12:00  o’clock,  President  W.  L.  Alfelder  pre¬ 
siding,  Messrs.  W.  P.  Chandler,  Jr.,  W.  H.  Buente,  A.  S.  Davison,  J.  F. 
Laboon,  G.  F.  Osier,  T.  J.  McLoughlin  and  S.  S.  Wales  being  present, 
Messrs.  J.  N.  Chester,  L.  C.  Edgar,  J.  A.  Hunter,  C.  E.  Lesher,  F.  R.  Phillips, 
F.  F.  Schauer,  W.  B.  Skinkle  and  A.  Stucki  being  absent. 

The  minutes  of  the  last  regular  meeting  held  March  18,  were  approved 
without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board,  were  elected  to  membership: 


MEMBERS 

Behar,  Mancel  Felix 
Cuthbert,  William  R.  Jr. 

Gott,  Estep  Tillard 
Kutchka,  Karl  Gustav 

Williams.  Emerson 


Mitchell,  H.  L. 
Moyer,  F.  Hughes 
Peden,  John  T. 
Thomas,  P.  C. 

M. 


Butt,  F.  H. 
Hooper,  Acnold 
Lee,  Albert  A. 


ASSOCIATE  MEMBERS 

MacVean,  Gordon 
Sieffert,  R.  W. 
Taylor,  E.  H. 
Wakefield,  H.  E.  Jr. 

ASSOCIATES 


Hanson,  W.  B. 


Rupp,  C.  H. 

JUNIOR 

Tracy,  S.  J. 


Lyon,  W.  B. 
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Applications  for  membership  were  ieceived  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows: 

MEMBERS 

Beerbower,  Ralph  G.  Kaiser,  George  K. 

Bixby,  William  Peet  Morrow,  J.  B. 

Sieinon,  Edward  A. 

ASSOCIATE  MEMBERS 

Ferrabee,  Francis  Gilbert  Edmonds,  John  F.,  Jr. 

Haddock,  Daniel  T.  Lail,  George  G. 

Heinrichs,  Frank  Wheddon  Owen,  Robert  R. 

Simpson,  T.  Leslie 

ASSOCIATES 

Ritchie,  Julian  Royston,  William  Albert,  Jr. 


STUDENT  JUNIOR 
Boleky,  E.  J.  J r. 

Applications  for  transfer  to  a  higher  grade  were  received  from  the  fol¬ 
lowing  Associate  Members,  and  after  discussion  it  was  moved  and  carried 
that  they  be  transferred  to  full  membership: 

Pettay,  George  Theodore  Taber,  George  H.  Jr. 

An  application  for  reinstatement  was  received  from  J.  F.  Hanst,  c/o  In- 
gersoll  Rand  Co.,  11  Broadway,  New  York,  and  after  discussion  it  was 
moved  and  carried  that  he  be  reinstated  to  membership. 

Letters  of  resignation  were  received  from  the  following,  and  after  dis¬ 
cussion  they  were  ordered  accepted: 

Hutchison,  G.  H.  Irwin,  R.  L. 

Duncan,  J.  McA. 

The  Secretary  reported  the  death  of  L.  J.  Atfelder,  who  joined  the  So¬ 
ciety  July,  1902.  Died  April  8,  1930. 

The  report  of  the  Secretary,  showing  the  condition  of  the  finances  at 
the  close  of  business,  March  31,  having  been  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 

The  Secretary  reported  an  evening  attendance  of  250  during  the  month 
of  March. 

The  Membership  Committee  held  one  meeting  to  go  over  applications 
received  since  the  last  meeting  of  the  Board  and  to  act  on  any  other  business 
coming  before  the  committee. 

The  Secretary  presented  a  letter  from  the  Pennsylvania  State  College, 
asking  that  we  appoint  delegates  to  attend  the  election  of  Trustees,  in  ac¬ 
cordance  with  our  usual  custom.  It  was  regularly  moved  and  carried  that 
the  President  be  authorized  to  appoint  such  delegates. 

The  meeting  adjourned  at  1  :45  P.  M. 

K.  F.  Treschow, 

Secretary. 
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STEEL  WORKS  SECTION 

The  regular  bi-monthly  meeting  of  the  Steel  Works  Section  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room, 
William  Penn  Hotel,  Wednesday  evening,  April  23,  1'.  J.  McLoughlin  pre¬ 
siding  in  the  absence  of  the  chairman,  S.  S.  Wales,  77  members  and  visitors 
being  present. 

The  reading  of  the  minutes  of  last  meeting  was  dispensed  with. 

No  further  business  coming  before  the  Section,  the  paper  of  the  evening 
on  “Open  Hearth  Combustion,”  was  presented  by  W.  P.  Chandler,  Jr.,  Chief 
Engineer,  Furnace  Division,  Blaw-Knox  Company,  Pittsburgh,  Pa. 

The  following  participated  in  the  discussion  of  Mr.  Chandler’s  paper: 
J.  S.  Unger,  Manager  Research  Bureau,  Carnegie  Steel  Company,  105+  Frick 
Building  Annex,  Pittsburgh,  Pa.;  C.  L.  W.  Trinks,  Profeessor  Mechanical 
Engrg.,  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa.;  Walter  de  Fries, 
Chief  Engineer,  W.  B.  Pollock  Co.,  East  Federal  St.,  Youngstown,  Ohio;  T. 
J.  McLoughlin,  Fuel  Engineer,  Carnegie  Steel  Company,  Duquesne,  Pa.; 
N.  S.  Powell,  Supt.  Open  Hearth  Dept.,  Carnegie  Steel  Company,  Duquesne, 
Pa.;  J.  B.  Crane,  District  Manager,  Cumbustion  Engineering  Corporation, 
1606  First  National  Bank  Building,  Pittsburgh,  Pa.;  W.  N.  Flanagan,  Special 
Engineer,  Carnegie  Steel  Company,  Pittsburgh,  Pa.;  E.  A.  Brown,  Assistant 
to  Chief  Engineers,  Carnegie  Steel  Company,  Homestead  Works,  Home¬ 
stead,  Pa. 

A  vote  of  thanks  was  extended  to  Mr.  Chandler  for  his  very  interest¬ 
ing  paper. 

The  meeting  adjourned  at  10:45  P,  M. 

K.  F.  Treschow, 

Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  Parlor  E,  seventeenth 
floor,  William  Penn  Hotel,  Tuesday,  May  20,  at  12  o’clock.  President  W.  L. 
Affelder  presiding,  Messrs.  J.  N.  Chester,  W.  H.  Buente,  A.  S.  Davison,  L. 
C.  Edgar,  J.  A.  Hunter,  J.  F.  Laboon,  G.  F.  Osier,  F.  F.  Schauer  and  S.  S. 
Wales  being  present,  Messrs.  H.  E.  Dyche,  C.  N.  Haggart,  J.  A.  Hoeveler, 
W.  P.  Chandler,  Jr.,  C.  E.  Lesher,  F.  R.  Phillips,  W.  B.  Skinkle  and  A.  Stucki 
being  absent. 

The  minutes  of  the  last  regular  meeting,  held  April  15,  were  approved 
without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board,  were  elected  to  membership: 

MEMBERS 

Beerbower,  Ralph  G.  Kaiser,  George  K. 

Bixby,  William  Peet  Morrow’,  J.  B. 

Siemon,  Edward  A. 

ASSOCIATE  MEMBERS 

Edmonds,  Jr.,  John  F.  Heinrichs,  Frank  Wheddon 

Ferrabee,  Francis  Gilbert  Lail,  George  G. 

Haddock,  Daniel  T.  Owen,  Robert  R. 

Simpson,  T.  Leslie 

ASSOCIATES 

Ritchie,  Julian  Royston,  Jr.,  William  Albert 

STUDENT  JUNIOR 

Boleky,  J r.,  E.  J. 

Applications  for  membership  wTere  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows: 

MEMBERS 

Atwood,  William  Bartlett  Monroe,  Robert  A. 

Critchfield,  Charles  Lee  Pigott,  R.  J. 

Schisano,  Charles  F. 

ASSOCIATE  MEMBERS 

Ely,  Fred  W.  Ewald,  Robert  F. 

Kennedy,  W.  R. 

ASSOCIATES 

Sykes,  C.  S.  Powers,  P.  H. 

Letters  of  resignation  were  received  from  the  following  and,  after  dis¬ 
cussion,  they  were  ordered  accepted:  F.  W.  Bremmer,  H.  B.  Douglas,  C.  G. 
Gerber,  J.  W.  Hallock,  W.  W.  Stevenson,  A.  J.  Stewart  and  Albert  Cnrue. 

The  Secretary  reported  the  death  of  H.  L.  Dixon,  of  the  H.  L.  Dixon 
Company,  Carnegie,  Pa.,  who  joined  the  Society  in  February,  1905,  and  died 
May  3,  1930. 

The  report  of  the  Secretary,  showing  the  condition  of  the  finances  at 
the  close  of  business  April  30,  having  been  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 

The  Secretary  reported  an  evening  attendance  of  150  during  the  month 
of  April. 
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Mr.  Schauer,  Chairman  of  the  House  Committee,  reported  a  few  con¬ 
ferences  had  been  held  with  various  executives  of  the  hotel  regarding  the 
refurnishing  and  redecorating  of  the  clubroom.  Mr.  Andrews,  manager  of 
the  hotel,  stated  that  the  work  would  be  started  in  about  two  or  three  weeks. 

Mr.  Davison,  Chairman  of  the  Entertainment  Committee,  reported  that 
due  to  the  warm  weather  there  was  a  very  small  attendance  at  the  recent 
Bridge  Party.  Plans  are  under  way  for  the  Boat  Excursion  to  be  held  Fri¬ 
day,  June  20,  and  the  Committee  hopes  that  members  of  the  Board  will  lend 
their  assistance  in  bringing  out  a  large  attendance  at  this  event. 

The  Committee  has  also  arranged  for  the  first  Golf  Tournament  this 
season,  which  will  be  held  at  the  Nemacolin  Country  Club,  Tuesday,  June  10. 

Mr.  Edgar,  Chairman  of  the  Publication  Committee,  reported  that  his 
Committee  met  and  recommended  another  Lecture  Course  for  the  coming 
season. 

The  President  reported  that,  in  accordance  with  instructions  received 
from  the  Board,  he  had  appointed  M.  D.  Cooper  and  L.  E.  Young  to  repre¬ 
sent  the  Society  for  the  election  of  trustees  for  the  Pennsylvania  State  Col¬ 
lege,  State  College,  Pa.  A  third  representative  will  be  appointed  in  the  near 
future. 

The  meeting  adjourned  at  1  :45  P.  M. 


K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION 
September  16,  1930 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engineer'’ 
Society  of  Western  Pennsylvania  was  held  in  Parlor  “C,”  seventeenth  Hoor, 
William  Penn  Hotel,  Tuesday,  September  16,  at  12:00  o’clock,  Mr.  L.  C. 
Edgar  presiding  in  the  absence  of  President  W.  L.  Affelder,  G.  F.  Osier, 
F.  F.  Schauer  and  S.  S.  Wales  being  present,  Messrs.  W.  P.  Chandler,  Jr., 
J.  N.  Chester,  H.  E.  Dyche,  J.  A.  Hoeveler,  J.  A.  Hunter,  J.  F.  Laboon, 
T.  J.  McLoughlin,  F.  R.  Phillips,  W.  B.  Skinkle  and  A.  Stucki  being  absent. 

The  minutes  of  the  last  regular  meeting,  held  June  16,  were  approved 
without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board,  were  elected  to  membership: 

MEMBER 

Colburn,  George  M. 

ASSOCIATE 

Oppenheimer,  Oscar  W. 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows: 

MEMBERS 

Grant,  Henry  Lee,  Jr.  Nichols,  John  T.  Nov 

Lundeen,  Ernest  F.  Noyes,  M.  E. 

ASSOCIATE  MEMBERS 

Beirne,  Henry  Mills,  G.  G. 

Conway,  Leon  Francis  Sachs,  W.  A. 

Lloyd,  Edward  W.  Tatom,  D.  E. 

Whipple,  T.  T. 


ASSOCIATE  • 

Ow,  Charles 

JUNIOR 

McKinnon,  N.  C. 

Applications  for  transfer  to  a  higher  grade  were  received  from  the 
following,  and  after  discussion  it  was  moved  and  carried  that  they  be  trans- 
ferred  to  grades  as  shown  below: 

Ellman,  Louis  (Associate  Member  to  Member) 

Overton,  Ralph  (Associate  Member  to  Member) 

Letters  of  resignation  were  received  from  the  following  and,  after  dis¬ 
cussion,  it  was  moved  and  carried  that  they  be  accepted,  with  regret: 

Arrowsmith,  J.  O.  Emtick,  A.  B. 

Barry,  L.  T.  Flanagan,  G.  E. 

Bathgate,  O.  H.  Haertlein,  Albert 

Beck,  W.  J.  Jett,  C.  C. 

Boyd,  Marcus  Karn,  F.  S. 

Campbell,  J.  R.  Kirk,  D.  M. 

Chesrown,  Elias  Marsh,  B.  W. 

Cooley,  H.  M.  Morris,  E.  W. 
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The  Secretary  reported  the  following  deaths: 


McDonald,  T.  M. 
Rodd,  Thomas 


Singer,  G.  H. 
Walker,  J.  B. 


The  report  of  the  Secretary,  showing  the  condition  of  the  finances  at 
the  close  of  business,  August  31,  having  been  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 

Mr.  F.  F.  Schauer,  Chairman  of  the  House  Committee,  reported  an 
evening  attendance  of  200  during  the  months  of  July  and  August. 

The  Membership  Committee  held  one  meeting  to  go  over  applications 
received  since  the  last  meeting  of  the  Board  and  to  act  on  any  other  business 
coming  before  the  committee. 

The  Secretary  reported  that  plans  for  the  Fiftieth  Anniversary  cele¬ 
bration  were  nearing  completion,  the  principal  difficult)'  being  the  securing 
of  a  speaker  for  the  banquet.  The  committee  has  been  obliged  to  consider 
a  change  in  the  date  from  October  16  to  October  27,  in  view  of  the  fact 
that  the  Lehigh  University  is  celebrating  a  dedication  ceremony  at  that 
time  and  the  American  Gas  Association  is  also  holding  a  meeting.  It  was 
felt  that  these  two  activities  would  take  quite  a  few  of  our  members  from 
the  city. 

Mr.  Edgar,  Chairman  of  the  Publication  Committee,  reported  that  the 
Lecture  Course  announcements  for  the  coming  year  would  be  mailed  to  the 
membership  within  the  next  few  days.  The  Chairman  also  asked  for  the 
co-operation  of  the  Board  in  disposing  of  strip  tickets  and  suggested  that 
each  member  be  sent  ten  tickets. 

The  Secretary  presented  a  letter,  dated  August  13,  from  Mr.  L.  W. 
Wallace,  Executive  Secretary,  American  Engineering  Council,  requesting 
our  Society  to  appoint  a  committee  to  assist  in  the  study  being  made  on 
Airport  Drainage  and  Surfacing.  After  discussion,  it  was  regularly  moved 
and  carried  that  the  President  be  instructed  to  appoint  a  committee  to  carry 
on  this  work. 

The  Secretary  presented  a  letter,  dated  July  3,  from  the  American  En¬ 
gineering  Council  regarding  Bill  H.  R.  10625,  to  amend  the  Act  entitled 
“An  Act  to  protect  navigation  from  obstruction  and  injury  by  preventing 
the  discharge  of  oil  into  the  coastal  navigable  waters  of  the  United  States.” 
The  letter  called  attention  to  the  fact  that  this  amendment  dealt  mainly 
with  the  pollution  of  navigable  waters  and  asked  that  our  Society  appoint 
a  committee  to  study  the  amendment  and  recommend  to  Council  whether  or 
not  they  should  take  any  action  on  the  bill.  It  was  regularly  moved  and 
carried  that  the  President  be  authorized  to  appoint  a  Committee  to  report 
on  this  bill. 

The  Secretary  presented  the  following  letter,  dated  July  12,  from  Mr. 
W.  A.  Weldin,  Chairman  of  the  Committee  of  the  Society,  to  assist  the  Amer¬ 
ican  Engineering  Council  in  the  distribution  of  Council's  code  of  Standard 
Traffic  Signs,  Signals  and  Markings: 

Board  of  Directors , 

Engineers’  Society  of  Western  Penna., 

Pittsburgh,  Pa. 

Gentlemen  : 

Your  committee  appointed  to  co-operate  with  the  American  Engineering 
Council  in  the  distribution  of  the  Council’s  code  of  Standard  Traffic  Signs, 
Signals  and  Markings,  begs  to  report  progress. 

We  enclose  a  detailed  report  submitted  to  Secretary  Wallace  covering 
the  state  of  our  work. 


1930] 


ABSTRACT  OF  MINUTES 


•iu 


We  would  direct  your  attention  to  the  list  of  counties  where  we  have 
not  yet  established  any  contacts,  and  would  respectfully  request  any  mem¬ 
bers  of  the  Board  who  have  correspondents  in  those  counties  to  write  them 
on  this  subject.  We  can  supply  as  many  copies  of  the  code  as  can  be  used. 

We  attach  a  specimen  letter  which  sets  forth  the  object  and  method  of 
approach. 

Your  chairman  attended  the  Third  National  Conference  on  Highway 
Safety  in  Washington  on  invitation  of  Secretary  of  Commerce  Lamont,  and 
as  a  delegate  of  the  Engineering  Council.  He  learned  that  gratifying 
progress  has  been  made  in  the  adoption  of  the  code  throughout  the  country, 
and  that  it  is  considered  an  important  part  of  the  work  of  the  Conference 
which  also  covers  uniform  legislation  and  various  safety  measures. 

Respectfully  submitted, 

(Signed)  W.  A.  Weldin,  Chairman. 


CIVIL  SECTION 
November  3,  1930 

The  regular  bi-monthly  meeting  of  the  Civil  Section  of  the  Engineers' 
Society  of  Western  Pennsylvania,  was  held  Monday  evening,  November  3, 
in  the  Cardinal  Room,  William  Penn  Hotel,  Chairman  C.  N.  Haggart  pre 
siding,  285  members  and  guests  being  present. 

The  minutes  of  the  last  meeting  held  April  l7,  1930,  were  not  read. 

As  there  was  no  regular  business  coming  before  the  Section,  Mr.  J.  W 
Rickey,  Chief  Hydraulic  Engineer,  Aluminum  Company  of  America,  Pitts¬ 
burgh,  presented  a  paper  on  “The  Chute  a  Caron  Hydro-Electric  Develop¬ 
ment  on  the  Saguenay  River,  Province  of  Quebec,  Canada.  Phis  paper  was 
illustrated  with  slides  and  a  motion  picture  film  entitled  “l  ipping  of  the  Chute 
a  Caron  Obelisk.”  The  following  participated  in  the  discussion: 

J.  S.  Jenks,  Civil  Engineer,  West  Penn  Power  Co.,  Pittsburgh,  Pa.;  P 
J.  Freeman,  Chief  Engineer,  Bureau  Tests  and  Specifications,  Allegheny 
County,  519  Smithfield  Street,  Pittsburgh,  Pa.;  J.  P.  Growden,  Hydraulic  En 
gineer,  Aluminum  Company  of  America,  Pittsburgh,  Pa.;  Fred  Waldorf, 
Dist.  Mgr.  Steel  Mill  Div.,  Timken  Roller  Beaming  Co.,  Pittsburgh,  Pa.; 
Mr.  Bleifus,  Engineer,  Aluminum  Company  of  America,  Pittsburgh,  Pa.; 
Prof.  Thomas,  Prof,  of  Hydraulics,  Carnegie  Institute  of  Technology,  Pitts¬ 
burgh,  Pa. 

A  rising  vote  of  thanks  was  extended  to  Mr.  Rickey  for  hi>  extremely 
interesting  paper. 

The  meeting  adjourned  at  10:20  P.  M. 

Respectfully  submitted, 

K.  F.  Treschow,  St'crrlat  y. 
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JOINT  MEETING 

Electrical  Section  of  the  Engineers’  Society  of  Western  Pennsylvania 
and  Pittsburgh  Section  of  the  American  Institute  of 

Electrical  Engineers 

December  9,  1930 

The  regular  monthly  meeting  of  the  Electrical  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  jointly  with  the  Pittsburgh  Section 
of  the  American  Institute  of  Electrical  Engineers  in  the  Chamber  of  Com¬ 
merce  Auditorium,  Tuesday,  December  9,  Chairman  C.  T.  Sinclair  presid¬ 
ing,  375  members  and  guests  being  present. 

The  minutes  of  the  last  meeting,  held  May  13,  were  dispensed  with. 

G.  S.  Merrill,  General  Electric  Company,  Nela  Park,  Cleveland,  pre¬ 
sented  a  paper  on  “Proper  Voltage  and  Lighting  Service,’’  and  a  paper  on 
“Artificial  Sunlight”  was  presented  by  Dr.  M.  Luckiesch,  Director  Lighting 
Research  Laboratory,  Nela  Park,  Cleveland,  Ohio.  A  vote  of  thanks  was 
extended  to  both  of  these  gentlemen  for  their  very  interesting  addresses. 

An  interesting  talking  picture  on  “Dynamic  America”  was  shown  the 
earlier  part  of  the  evening. 

On  motion,  duly  seconded  and  carried,  the  meeting  adjourned  at  10:45 
P.  M. 

K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION 
October  21,  1930 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engineers 
Society  of  Western  Pennsylvania  was  held  in  Parlor  I),  William  Penn  Hotel, 
Tuesday,  October  21,  W.  L.  Affelder  presiding,  Messrs.  W.  H.  Buente,  J.  N. 
Chester,  A.  S.  Davison,  L.  C.  Edgar,  C.  N.  Haggart,  J.  A.  Hoeveler,  J.  A. 
Hunter,  J.  F.  Laboon,  C.  E.  Lesher,  G.  F.  Osier,  F.  R.  Phillips  and  W.  B. 
Skinkle  being  present,  Messrs.  W.  P.  Chandler,  Jr.,  II.  E.  Dyche,  T.  J.  Mc- 
Loughlin,  F.  F.  Schauer,  A.  Stucki  and  S.  S.  Wales  being  absent. 

The  minutes  of  the  last  regular  meeting,  held  September  16,  were 
approved  without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to  the 
Society  pursuant  to  the  action  of  the  Board,  were  elected  to  membership: 

MEMBERS 

Grant,  Henry  Lee,  Jr.  Nichols,  John  T. 

Lundeen,  Ernest  F.  Noyes,  M.  E. 

ASSOCIATE  MEMBERS 

Beirne,  Henry  Mills,  G.  G. 

Conway,  Leon  Francis  Sachs,  William  Albert 

Lloyd,  Edward  W.  Tatom,  Dan  Evans 

Whipple,  Thomas  T. 

ASSOCIATE 
Ow,  Charles 

JUNIOR 

McKinnon,  Norman  Charles 
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Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows: 

MEMBERS 

Corbett,  William  J.  Rawstorne,  C.  D. 

von  Bernewitz,  M.  W. 

ASSOCIATE  MEMBER 

Kuhl,  E.  W. 


An  application  for  transfer  to  a  higher  grade  was  received  from  R.  T. 
Middleton  and,  after  discussion,  it  was  moved  and  carried  that  he  be  trans¬ 
ferred  to  grade  of  Member. 

Letters  of  resignation  were  received  from  the  following  and,  after  dis¬ 
cussion,  it  was  moved  and  carried  that  they  be  accepted  with  regret: 

Horner,  R.  B. 

Jackman,  D.  E. 

Jones,  Archibald 
Oursler,  J.  S. 

McElheny,  G.  S. 

White,  H.  E. 

Dropped  from  the  rolls:  J  S.  Hurn. 

The  Secretary  reported  the  following  death:  H.  L.  Turner,  Aluminum 
Company  of  America.  Mr.  Turner  joined  the  Society  January  15,  1930;  died 
September  13,  1930. 

The  report  of  the  Secretary,  showing  the  condition  of  the  finances  at 
the  close  of  business  October  31,  having  been  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 

The  Secretary,  in  the  absence  of  Mr.  Schauer,  Chairman  of  the  House 
Committee,  reported  an  evening  attendance  of  200  during  the  month  of  Sep¬ 
tember. 

The  Membership  Committee  held  one  meeting  to  go  over  applications 
received  since  the  last  meeting  of  the  Board  and  to  act  on  any  other  business 
coming  before  the  committee. 

Mr.  Davison,  Chairman  of  the  Entertainment  Committee,  reported  that  a 
very  successful  Golf  Tournament  had  been  held  September  22  at  the  South 
Hills  Country  Club,  with  an  attendance  of  110. 

The  Secretary,  on  behalf  of  G.  S.  Davison,  Chairman  of  the  Special 
Committee  in  charge  of  our  Fiftieth  Anniversary  Celebration,  stated  that  in 
accordance  with  the  letter  sent  to  the  membership,  the  final  date  had  been 
set  for  Friday,  November  14.  Detailed  announcement  will  be  mailed  to  the 
membership  the  latter  part  of  this  week  and  the  committee  hopes  the  members 
of  the  Board  will  make  an  effort  to  stimulate  interest  among  the  members  to 
attend  this  celebration. 

Mr.  Edgar,  Chairman  of  the  Publication  Committee,  reported  that  the 
first  lecture  would  be  held  Wednesday,  October  22,  and  that  returns  to  date 
indicated  a  much  better  sale  of  tickets  than  in  previous  years. 

Mr.  Hoeveler,  Chairman  of  the  Illuminating  Engineers’  Section,  reported 
that  the  Illuminating  Engineering  Society  had  been  invited  to  hold  their  1931 
meeting  in  Pittsburgh  and  suggested  that  the  Board  instruct  the  Secretary  to 
write,  on  their  behalf,  endorsing  this  invitation.  It  was  also  suggested  that 
the  Society  have  a  small  card  printed,  which  should  be  placed  in  the  mail 
boxes  of  the  visitors  for  these  conventions,  this  to  be  done  also  when  other 
organizations  meet  in  Pittsburgh,  thereby  extending  a  welcome  and  inviting 
them  to  make  use  of  our  facilities  during  their  stay  in  the  city.  This  has 
been  done  in  a  number  of  cities  and  it  is  very  much  appreciated.  Mr. 


Allen,  J.  G. 
Clyde,  W.  G. 
Clark,  D.  G. 
Denison,  P.  N. 
Guy,  F.  W. 
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Chester  stated  that  the  American  Water  Works  Association  is  to  hold  their 
annual  meeting  in  Pittsburgh  next  year  and  suggested  that  a  similar  letter 
be  sent  to  the  American  Water  Works  Association. 

The  attention  of  the  Board  was  called  to  the  generosity  of  A.  S.  Davison 
for  the  presentation  of  a  very  attractive  trophy  for  the  Golf  Tournament  of 
the  Society.  It  was  unanimously  moved  and  carried  that  a  letter  of  appre¬ 
ciation  be  sent  to  Mr.  Davison,  thanking  him  for  his  interest  in  presenting 
this  trophy. 

L.  C.  Edgar  suggested  that  an  engraved  invitation  be  sent  to  R.  W. 
Watson,  Vice  President,  Carnegie  Steel  Company,  Pittsburgh,  Pa.,  and  it  was 
regularly  moved  and  carried  that  the  Secretary  be  instructed  to  send  an 
invitation  to  Mr.  Watson. 

The  meeting  adjourned  at  1:45  P.  M. 

K.  F.  Treschow,  Sr  err  I  ary. 


BOARD  OF  DIRECTION 
November  18,  1930 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  in  Parlor  G,  William  Penn  Hotel, 
Tuesday,  November  18,  President  W.  L.  Affelder  presiding,  Messrs.  J.  N. 
Chester,  A.  S.  Davison,  J.  A.  Hunter,  J.  F.  Laboon,  C.  E.  Lesher,  G.  F.  Osier, 
F.  F.  Schauer,  W.  B.  Skinkle,  S.  S.  Wales  and  T.  J.  McLoughlin  being  pres¬ 
ent,  Messrs.  W.  H.  Buente,  W.  P.  Chandler,  L.  C.  Edgar,  C.  N.  Haggart, 
J.  A.  Hoeveler,  H.  E.  Dyche,  Norman  Allderdice,  F.  R.  Phillips  and  A. 
Stucki  being  absent. 

The  minutes  of  the  last  regular  meeting,  held  October  21,  were  approved 
without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to  the 
Society  pursuant  to  the  action  of  the  Board,  were  elected  to  membership: 

MEMBERS 

Corbett,  William  J.  Rawstorne,  C.  D. 

von  Bernewitz,  M.  W. 

ASSOCIATE  MEMBER 

Kuhl,  E.  W. 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows: 

MEMBERS 

Focer,  P.  C.  Rinearson,  R.  W. 

ASSOCIATE  MEMBER 
McCullough,  W.  T.,  Jr. 

ASSOCIATE 

Coxe,  E.  H.,  J  r. 

Application  for  transfer  to  a  higher  grade  was  received  from  G.  G. 
Mills  and,  after  discussion,  it  was  moved  and  carried  that  he  be  transferred 
to  grade  of  Member. 

An  application  for  reinstatement  was  received  from  R.  E.  Walters,  607 
Mechanics  Building,  Harrisburg,  Pa.,  and,  after  discussion,  it  was  moved 
and  carried  that  he  be  reinstated  to  membership  in  the  Society. 
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Letters  of  resignation  were  received  from  the  following  and,  after  dis¬ 
cussion,  it  was  moved  and  carried  that  they  be  accepted  with  regret: 

Baker,  David  Crocker,  E.  E. 

Cowin,  S.  H.  Gerber,  Carl  B. 

Emory,  G.  W.  Harris,  Benjamin  F. 

Fleming,  Thomas,  Jr.  Holliday,  A.  H. 

Gamble,  E.  E.  Smerling,  Carl 

Wolfe,  Harry  C. 


The  Secretary  reported  the  following  deaths:  J.  L.  Klindworth,  Jones  & 
Laughlin  Steel  Corporation,  Woodlawn,  Pa.;  died  November  10,  1930.  Wil¬ 
liam  Smith,  316  Monongahela  Avenue,  McKeesport,  Pa.;  died  November  10, 
1930.  A.  W.  Thompson,  1225  Broad  Street,  Philadelphia,  Pa.;  died  Novem¬ 
ber  9,  1930. 

The  report  of  the  Secretary,  showing  the  condition  of  the  finances  at  the 
close  of  business,  October  31,  having  been  audited  by  the  Finance  Committee, 
was  approved. 

The  Membership  Committee  held  one  meeting  to  go  over  applications 
received  since  the  last  meeting  of  the  Board  and  to  act  on  any  other  business 
coming  before  the  committee. 

The  Secretary  reported  on  behalf  of  the  Entertainment  Committee  to  the 
effect  that  the  committee  was  making  preliminary  arrangements  for  the 
Annual  Dinner,  but  had  nothing  definite  to  report  at  the  meeting. 

Attention  was  called  to  the  very  successful  party  held  in  connection  with 
our  Fiftieth  Anniversary,  and  it  was  moved  and  carried  unanimously  that 
the  Secretary  be  instructed  to  write  a  letter,  expressing  the  appreciation  of 
the  Board  of  Direction  to  the  Fiftieth  Anniversary  committees  for  the  very 
efficient  manner  in  which  this  meeting  was  conducted. 

In  accordance  with  Section  V,  Article  V,  of  the  By-Laws,  the  following 
report  was  presented  by  the  Nominating  Committee: 


President  . 

Vice  President 
Treasurer  . 

Directors . 


. L.  C.  Edgar 

A.  S.  Davison 

.  A.  Stucki 

j  G.  E.  Stoltz 
(  G.  F.  Osier 


Respectfully  submitted, 

Richard  Khuen,  Jr.,  Chairman, 
J.  I.  Alexander, 

G.  H.  Danforth, 

F.  F.  Schauer, 

L.  E.  Young, 

Nominating  Committee. 

The  meeting  adjourned  at  1:30  P.  M. 

K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION 
December  16,  1930 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engineers' 
Society  of  Western  Pennsylvania  was  held  in  Parlor  G,  William  Penn  Hotel, 
Tuesday,  December  16,  at  12:00  o’clock,  President  W.  L.  Affelder  presiding, 
Messrs.  W.  H.  Buente,  J.  N.  Chester,  A.  S.  Davison,  L.  C.  Edgar,  C.  S.  Hag- 
gart,  J.  A.  Hunter,  J.  F.  Laboon,  G.  F.  Osier,  W.  B.  Skinkle  and  S.  S.  Wales 
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being  present,  and  Messrs.  N.  Allderdice,  W.  P.  Chandler,  Jr.,  II.  E.  Dyche, 
C.  E.  Lesher,  J.  A.  Hoeveler,  T.  J.  McLoughlin,  F.  R.  Phillips  and  A.  Stucki 
being  absent. 

The  minutes  of  the  last  regular  meeting,  held  November  18,  were 
approved  without  reading. 

Applications  from  the  following  gentlemen,  having  been  published  to  the 
Society  pursuant  to  the  action  of  the  Hoard,  were  elected  to  membership: 

MEMBERS 

Focer,  P.  C.  Rinearson,  R.  W. 

ASSOCIATE  MEMBER 
McCullough,  W.  T.,  Jr. 

ASSOCIATE 
Coxe,  E.  H.,  Jr. 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  is  as  follows: 

MEMBERS 

Crawford,  G.  H.  Ph i Ip,  H.  K. 

Mille,  J.  M.  Walters,  J.  B. 

ASSOCIATE  MEMBER 

Nock,  J.  A. 

ASSOCIATE 

Elliott,  H.  L. 

An  application  for  reinstatement  was  received  from  Benjamin  F.  Harris 
and,  after  discussion,  it  was  moved  and  carried  that  he  De  reinstated  to 
membership  in  the  Society. 

Letters  of  resignation  were  received  from  the  following  and,  after  dis¬ 
cussion,  it  was  moved  and  carried  that  they  be  accepted  with  regret: 

Bain,  G.  F.  Mattingley,  G.  B. 

Hezlep,  J.  H.  Reno,  E.  S. 

The  Secretary  reported  the  following  death:  I.  W.  Frank,  2301  Farmers 
Bank  Building,  Pittsburgh,  Pa.  Joined  the  Society,  February,  1882;  died 
December  1,  1930. 

The  report  of  the  Secretary,  showing  the  condition  of  the  finances  at 
the  close  of  business,  November  30,  having  been  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 

The  Membership  Committee  held  one  meeting  to  go  over  applications 
received  since  the  last  meeting  of  the  Board  and  to  act  on  any  other  business 
coming  before  the  committee. 

Mr.  Edgar,  Chairman  of  the  Publication  Committee,  reported  that  the 
committee  expressed  disappointment  in  the  sale  of  lecture  course  tickets  this 
year  and  urged  the  members  of  the  Board  to  co-operate  in  the  sale  of  tickets 
by  bringing  these  lectures  to  the  attention  of  their  friends.  A  discussion  then 
followed  as  to  the  advisability  of  continuing  the  lectures.  It  was  suggested 
that  unless  the  membership  responds  more  enthusiastically  than  they  have 
this  year  it  might  be  best  for  the  committee  to  discontinue  them  and  have 
some  other  form  of  meeting.  Mr.  Edgar  stated  that  the  committee  proposes 
to  pass  out  a  questionnaire  at  the  February  lecture,  requesting  those  present 
to  express  their  opinions  regarding  the  lectures  presented  in  the  past  and 
whether  or  not  they  desire  them  to  be  continued. 
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Mr.  Davison,  Chairman  of  the  Entertainment  Committee,  reported  that 
the  committee  had  been  very  fortunate  in  securing  Gerard  Swope,  President 
of  the  General  Electric  Company,  New  York,  as  principal  speaker  at  the 
Annual  Dinner,  but  in  order  to  set  a  suitable  date  the  committee  was  com¬ 
pelled  to  schedule  the  banquet  February  26,  rather  than  the  latter  part  of 
January,  as  has  been  the  custom  in  the  past.  The  other  speaker  and  toast¬ 
master  have  not  as  yet  been  selected. 

In  accordance  with  Article  V,  Section  V,  of  the  By-Laws,  the  Board  of 
Direction  finally  approved  the  names  of  the  nominees  as  presented  by  the 
Nominating  Committee  at  the  November  meeting  of  the  Board,  as  follows: 

. L.  ‘ C.  Edgar 

. A.  S.  Davison 

.  A.  Stucki 

j  G.  E.  Stoltz 

.  I  G.  F.  Osier 

Respectfully  submitted, 

Richard  Khuen,  Jr.,  Chairman , 

J.  I.  Alexander, 

G.  H.  Danforth, 

F.  F.  SCHAUER, 

L.  E.  Young, 

Nominating  Committee. 

It  was  regularly  moved  and  carried  that  the  report  be  approved  and 
published  to  the  Society  in  accordance  with  the  By-Laws. 

The  Secretary  presented  a  letter  from  the  Civic  Club  of  Philadelphia 
regarding  the  pollution  of  the  water  in  the  streams  of  Pennsylvania  and, 
after  discussion,  it  was  ordered  tabled. 

The  Secretary  also  presented  a  letter  from  the  National  Association  of 
Highway  Officials,  thanking  our  Society  for  the  part  taken  in  their  recent 
convention  held  in  Pittsburgh. 

In  accordance  with  the  By-Laws  of  the  Society,  the  Secretary  presented 
a  report  of  the  Nominating  Committee  for  Officers  of  the  Society  for  the 
ensuing  year.  It  was  regularly  moved  and  carried  that  the  names  be  finally 
approved  and  the  Secretary  instructed  to  have  the  ballots  printed  and  sent 
to  the  membership  January  1. 

The  meeting  adjourned  at  1:45  P.  M. 


President  . 

Vice  President 
Treasurer  . 

Directors . 


K.  F.  Treschow,  Secretary. 
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